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The first edition of this work was published early in 
the year 1862, and hasbeenfor some time out of print. 
During the two or three years after its appearance 
I received, through the kindness of various corre- 
spondents in different parta of the world, a large 
number of letters, especially from Fritz Mailer in South 
Brazil, communicating to me many new and curious 
facts, and calling my attention to some errors. Variona 
memoirs on the fertilisation of orchids have also since 
been published, and I have myself examined several 
new and striking forms. A large amount of matter 
has thus been accumulated ; but the present volume 
would be rendered much too long if the whole were 
introduced. I have, therefore, selected only the more 
interesting facts, and have given a brief abstract of 
the several published papers. The work has thus been 
remodelled; and the additions and corrections are so 
nnmerous that I have found it impossible to follow my 
usual plau of giving a list of them. I have, however, 



Yl PREFACE TO THE SECOND EDITION. 

appended, in chronological order, the titles of all the 
papers and books on the fertilisation of the Orchidese 
which have been published since the appearance of 
the first edition of the present book. Finally, I will 
remark that any reader who wishes merely to see how 
wonderfully complex and perfect are the adaptations 
for the fertilisation of these plants had better read 
Chapter VII. on the Catasetidse. The account of 
their structure and of the action of the several parts 
will, I think, be intelligible, if he will first glance at 
the explanation of the terms given at the close of 
the Introduction. 



List of Papers and Books hearing on the FeriUisaiion 
of the Orchidex, vkich have heen published since the 
appearance of the First Edition of this Worh in 
1862, arranged in Chronological Order, 



Bbonh, H, G, — ' Charles Darwin, fiber die EinrlchtungBti mr B^ 
firocltuiig briliacber uiid auslanditcher Orobideen.' With 
an Appecdix bj the Tmnslaitor on Sianhopea devotiiettsi*. 
Stuttgart, 1862. 

GaAT, Aba.— On PlalanChera (Habmaria) and Qymnadenia in 
' Enumeration of Plants of the Rocky MounlainB.' — American 
Journal of Science asd Arts, Second Series, voL xxxiv., 'So. 
101, Sept. 1862, p. 33. 

QaAT, Aha. — On Flatanthem hookcri, ia a reriew of the first edi- 
tion of the present wort. — American Journal of Science and 
Arts, vol. xixiv. July 1862, p. 143. 

Andebson, J. — ' Fertiliaation of OrchidB,' — Journal of Horticulture 
and Cotti^B Ghicdener, April 21, 1863, p. 287. 

GossB, p. H. — ' Microscopic Observation on Bome Seeds of Orchids.' 

— Journal of Horticulture and Cottage Gardener, April 21, 

1863, p. 287. 
CFrat, Asa. — On Platanthem (^Bahernaria) fiava and Gymnaiimia 

tridentata. — American Journal of Science and Arts, vol. sxsTt. 

Sept. 1863, p. 292. 
JouBNAL OF HoRTiODi/rnsE 4SO CoTTAGS Gabdbner. — March 17, 

1663, p. 206. 'On Orchid Cultivation, Cross-breeding, and 

Hybridising.' 
Sonirora, J. H. — On Pognnia apkioglosioidet. Proceedinp of the 

Boston Society of Natural Hietorj, vol. ii. April, 1863. 

TuEVTBAlJUe. — ' Deber Dicbogamie nach 0. C. Sprengel nnd Ch. 
Darwin. J 3. Orchideen.'— fiotoniaobe ZeUwig, No. 2. 1863, 
^9. 



nil LIST or FAPEBS AKD BOOKS. 

Trkvirandb. — ' NachtrBgliche Bemerkiingen fiber die Befnichtoi^ 
eiiiiger Orchideen,' — BotaJiiHche ZeitUDg, Na 32, 1863, p. 
241, 

Teimeh, R, — 'On OiB Fertilisation of 0»w grandifiOTa, Linn.'— 
Journal of LJnnean Sooitty, BotaDy, toL vii 1B63, p. 144. 

Wbst of Scotland HnHTic[n.TiTB*L UAQAZOiB. — ' Fertiligatioii of 

OrchiilB,' Sept. 1863, p. 65. 
ChCoer. — ' A few Notes on the Fecundatioa of Orehida, and their 

Mor|iliol"gy.' — .lourna! of Linnean Society, Botany, vol. viiL 

No. 31, 1864, p. 127. 
SooTT, J, — ' On the Individual Sterility and CroiiB-impragnation of 

certain Species of Onoidium.' — JoiimaL of Linnean Society, 

Tol. Tiii. No. 31, 1864, p. 162. 
UooGBiDOE, J. Tbahkrnk. — ' ObseTvationB on Bome OrchidB of tha 

South of France.' — Jpumal of Linnean Siioiety, Botany, vol. 

Tiii. No. 32, 1865, p. 256. 
Tbmbs, R. — ' On the Slructnre of Bonatea ijiecioxi, Linn., with 

reference (o its Fertilisation.' — Journal of Linnean Society, 

vol. is. 1865, p. 156. 
BoHBHAOH, P. — ' Ueber Epipogiuftt gmdini.' — GeferOnle Preiaschrift, 

Gettingen, 1866. 



HiLDEBRASD, F.- 

&c Leipzig 



' Die Genchlechter-Tertheilnng hei den Pflanzen,' 
1867, p. 51, et ttq. 



HiLDKBHAKD, F.-— ' Frwiprigo Delpino'a Heobachtungen fiber die 
BoalaubuDSBvorrichtungen bei den Phanen^amen,' — Bota- 
nitche Zeitung, No, 34, 1867, p. 265. 

■n Ophrya.— ' Flora of Mentone," 1867 (?), 



Wbale, J. P. Manwel. — ' Notes on the Structure and Fertilisation 
of the Genus llonaiea, with a special descriptLon of a Sj«oieB 
found at BedforJ, South Africa.' — Journal of Linnean Society, 
Botany, voL x. 1867, p. 470. 

EtLDBBRAHD. — ' Notizen ilber die Geschlechtaverhitltnisse brasili- 
anisfher Pflauzeu. Ana einem Briefe von FriU MUller.'— 
Bolauiscbe Zeitung No. 8, 1866, p. 113. 



LIST OF PAF£K8 AND BOOKS. 



MBllbb, Fbitz. — ' IJeber Be&uottungserscheiDungen bei Orehi- 
deeo.'— BotaniBchB Zeitung, No. 39, 186ri, p. 629. 



Dabwis, Charlbs. — ' Notes on the Fertilisfttion of Orchida.'- 
Aiinals and Magiizine of Natural Eiiitoiy, Sept. 1869. 



Dblpiko,— ' Ulterior 
taie.' Parte pri 



aulla Dio^mia nel R 
Milan, 1868-69, pj). 176-78. 



MoOQRiDaE, J. Teahbrnb. — ' TJeber Ophrya iniect'fera, L, (part). 
— Terhandluagen der Kaiserl. Leap. Carol. Akad. (Nova 
Acta), torn. iixv. 1869, 



HBiiLEB, Farra, — ' Ueber eini^ 
Bol^nisclie Zeitung, No. If, ] 



Befru chtUDgaerBcbeiuungen.' — 
69, p. 224. 



MtfLLEB, Feitz. — ' Umwandlung von StaobgafSsBen in Stempel bsi 
Begonia. Uebergang voo Zwitterbliithigkeit in Getreontblu- 
thigkeit bei Chamisaoa. TriandrlacliB Yarietat eines mooan- 
driticheo Gpidendnini.' — Botaniacbe Zeitimg, No. 10, 1870, 
p. 149. 

Wbaui, J. P. MANBBii. — ' Note oa a Spedes of Diaperis found on 
the Kagebers, Soutb Africa,' — Journal of Linnoan Society, 
Botany, vol. liii. 1871, p. 43. 

Weai.b, J. P. Manhbl. — ' Some Obaervationa on tbe Fertilisation 
of Diaa macranfha.' — Journal ot Linnean Society, voL xiii. 
1871, p. 45. 

Wbale, J. P. Manbel. — ' Notes on some Speciea of Habenarla 

found in South Africa,' — Joomal of Linnean Society, vol xiii. 

1871, p. 47. 
Ohxesbuak, T. F. — ' On the Fertiliaation of tbe New Zealand 

Species of Pterostylia,' — Tronsftotiona of the New Zealand Inati- 

tule, vol. V. 1M73, p. 352. 

UfiiiUB, llBiiuANH. — ' Die BefnichtnngderBlumen duiich Inaekten,' 
&a Leipzig, 1873, pp. 74-86L 

Cbebsehan, T. F. — 'On the Fertilisation of Acitmlhvi eyrloitOU.' 
— 'i'raDBactiond of tbe New Zealand Institute, vol. vii. 1874 
(iaaued 1875), p. 349. 



f liKV W PhPJOA AMI) BOOIti* 

MtLLtB, HERKAinr.--^* Alpine Orebids adapted to OroaB-ferlaliiMtioii 
by Butterflies/— Natnie, Dec 31, 1874. 

Dblpino.-^' Ulteriori Osseryazioni aalla Dioogamia nel Regno 
tegetale.' Ftote seconda, faao. IL Milan, 1875, pp. 149, 150. 

Lubbock, Sib J.—* British Wild Flowers.' London, 1875, pp. 162- 
175. 

FrazGEBALD, R. D.— < Australian Orchids.' Ptot L 1875, Ftert U. 
1876. Sydney, New South Wales. 



CONTENTS. 



iHTRODDonos FBgwl-6 



CHAPTER I. 



Btnutnre of the flowei of Orchis mascula — Power of movement of 
the poUinitt — Perfect adaptBtioo of the parts in Orchis pyra- 
midalis — Other species of Orchis and of some closely allied 
genera — On the insects which visit the sevorfLl epecles. And on 
the frequency of their visits — On the fertility and sterility of 
Tarioiu Orchids — On the secretion of nectar, and on insects 
being purposely delayed in oblaining it 6-44 

CHAPTER II. 



Fly &nd Spder Ophrys — Bee Ophrys, apparently adapted for 
perpetual self-fartilisatioQ, but with paradoxical contrivances for 
intercrossing — Herminium monorchis, attachment of the po!- 
linia to the front legs of insects — Peristylus viridis, fertilisation 
indirectly effected by nectar secreted from three paria of the 
Iftbelliim — Gymnadenia cooopsea, and other Bpecies^Habenaria 
or Platanlhera chlorantha and hifolia, their poltinia attached to 
the eyes of Lepidoptera — Other species of Uabenarin — Bonataa 
— Dita — Suromary on the powers of movement in the pollinia 
4&-7d 



i 



CHAPTEE IIL 



Oepbdluithera grandiflora ; rostellum aburted; early penetration of 
the pollen-t^beH ; case of imperfect self- fertilisation ; cnxa- 
fertiliaatiOQ effected by insecta which gnaw the bbelliun — 
Cephalanthera ensifulia — Fogonia — Pterostylia and other 
Australian orchiila with the labelliim svnEitire to a toooh — 
Vanilla— Scbralia PageaBO-92 



OHAPTEB IV. 



Epipactis paluatris; curious shape of the labetlam and fta import- 
ance in the fructiScation of the flower — other species of Epi- 
pactis — Epipogium — Goodyera repeas — Spiraothes autumnalis; 
perfect adaptation by which the pollen of a, youngu' flower is 
carried to the stigma of an oldur flower on another plant — 
Lislera ovats; eeneitiTenogs of the rostellum; eiplonion of 
viscid matter; action of injects; perfect adaptation of the 
several organs — Liatera cordata — Neottia nidus-avis ; its 
fertilisation effected in the same mnnuer as in Listera — Thely- 
mitra, eelf-fertile 93-127 



OHAFTEE V. 

HALAXEA AND EPIDENDTlEa. 

Mflksia paludosa — Masaevnllio, cnrious closed flowers — Bolbo- 
pliyllum, labellum kept in cutistiuit movement by every brealL 
ofair — DeDdrobiumiCOUtrivancalorself-fertiUsatioD — Cattleya, 
siniplfl nianner of lertiliaBtion — Epidendmrn — Self-fertile £pi- 
denilren 128-14S 



OHAPTEE VL 



Structure of tbe oolumn and pollinia — Importance of tiie elastidtj 
of the pedicel ; its potver of mavemeDt — Elasticity and strength 
of the caudicles — Calanitie with lateral SLigmas, manner of 
fertiliBation — AngrEeoum sesquipedale, wocderful leogth of Jteo- 
tarj — Species with the entrance into the Btigmatic chamber 
much contracted, bo tliat the pollen-masses can hardly be 
inserted — Coryaathes, eKtraonlmary manner of fertilieatioti 

Pages 149-177 



CHAPTER Vir. 

TAXDna eoniinued. — cutasstida. 

Ontuetidn, the most remarkable of all Orchids — Tbe mechanism 
by wbich the pollinia of Catasetnm ore ejected t^ a distance and 
are transported by insecte — SeDsitiveness of the horns of the 
rostellum — ExtrnordiDary difference in the male, female, and 
hermaphrodite forms of Oatasetum trldentatiim — Mormodea 
ignea, curious structure of the flowers; ejection of the pollinia 
— Mormodes luxata — Cycnocbes ventricosum, manner of fer- 
taisation 178-235 



OHAPTEE VIIL 

trmOFEVIKX — HOK0LOOIE8 OF THE FLOWKHB OF DBCKIDB. 

Gypripedium, differs much from all other Orchids — Labellnm in 
the form of a slipper with two small oriHcea by which insects 
cau escape — Mauner of fertilisatloo by small bees of tbe genus 
Andrena — Homological nature of the several parts of the flowers 
of the Orcliidece — Wonderful amount of modification which 
Ihey have uiidci^p>ne 



Jdy OOKTBHTO. 

CHAPTER IX. 

QBADATION OF OBGANB, &O.^CONGLUDING BKMABXS. 

Gradation of organs, of the rostellum, of the pollen-masses — 
Formation of the caudicle-^ Genealogical affinities — Secretkm 
of nectar — Mechanism of the movement of the pollinia-^ Uses 
oi the petals — Production of seed — Importance of trifling 
details of structure — Gause of the great diversity of structure in 
the flowers of Orchids — Gause of the perfection of the con- 
trivances — Summary on insect-agency — Nature abhors per- 
petual self-fertilisation Page 247-293 



(kdbx • •••••• •• 294 



LIST OF WOODCUTS. 



1. OscaiB UASOUi^., 

2. „ „ PQ 

8. OBDHIS PYBiMIDALIB ., 

i. Moth's head akd pboboscib, with attachzd p 

„ abachnites 

Pebistylus t 

GlIiIHADBNIA C 

Eabekabca 

POLLIBU. or Ki 

cbphai.a1jtkbbj1 
Ptkbobtylib l 
Epipaotis palustrib .. 

Bpibaetheb adti 

LlSTBBA OVATA . 

Malaxib p 

Mabdetalua V 
Dendbobidu c 

Cattuiva 

diageam ilmstbativb of' tbb btbdctitbb i 
Vandes 

POLllSLA OF VaSDES 

FOLLQODM OS OSNiTBOOEFIULUS 



XYl UBT OF WOODOUTB. 

FAOB 

26. Calahthb hasuoa 161 

27. oobtaiithes 8fe0i06a 174 

28.1 J 182 

29.1 1183 

30. Gatasetum teidentatuh 194 

31. MONACHANTHUS AND MtANTHUB 199 

32. mobuodes ignea 209 

33. Oycnoches ventbicosum 222 

34. „ „ section thb0x7gh bud .. .. 223 

35. Cypeipedixtm 227 

36. Tbansvebse section of floweb of an Obohid .. 236 

37. RosTELLUM OF Gatasetuh 256 

88. Disc of Gymnadenia oonofsba 272 



P. S. — I am much indebted to Mr. G. B. Sowerby for the pains 
which he has taken in making the Diagrams as inteUigible as 
possible. 



FERTILISATION OF ORCHIDS 



INSECTS, 



I 
I 



INTRODUCTION. 
Thb object of the following work is to show that the 
contrivances by whicli Orchids are fertiliaod, are as 
varied and almost as perfect as any of the most beauti- 
ful adaptations in the animal kingdom ; and, secondly, 
to show that these contrivances have for their main 
object the fertilisation of the flowers with pollen 
brought by insects from a distinct plant. In my 
volume ' On the Origin of Species ' I gave only general 
reasons for the belief that it is an almost universal law 
of nature that the higher organic beings require an 
occasional cross with another individiial ; or, which ia 
the same thing, that no hermaphrodite fertilises itself 
for a perpetuity of generations. Having been blamed 
for propounding this doctrine without giving ample 
facts, for which I had not suiEcient space in that work, 
I wish here to show that I have not spoken without 
having gone into details. 

I have been led to publish this little treatise sepa- 
rately, as it is too large to be incorporated with any 
other subject. As Orchids are universally acknow- 
ledged to rank amongst the most singular and most 
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form together the column. Ordinary stamens consist 
of a filament, or siipporting thread (rarely seen in 
British Orchids), which carries the anther ; and within 
the anther lies the pollen or male vivifying element. 
The anther ia divided into two cells, which are very 
distinct in most Orchids, so much so as to appear in 
some species like two separate anthers. The pollen in 
all common plants consists of fine granular powder: 
but in most Orchids the grains cohere in masses, which 
ai'e often supported by a very curious appendage, called 
the caudide. This part and all the other organs will 
hereafter be more fully described and figured under the 
head of the first species, Orchis mascula. The pollen- 
masses, with their caudicles and other appendages, are 
called the pdlinia. 

Orchids properly have three pistils or female organs, 
united together, the upper and anterior surfaces of two 
of which form the two stigmas. But the two are often 
completely confluent, so aa to appear as one. The 
stigma is penetrated in the act of fertilisation by long 
tubes, emitted by the poUen-grains, which carry the 
contents of the grains down to the ovules or young 
seeds in the ovarium. 

The upper stigma is modified into an extraordinary 
organ, called the rosteilum, which in many Orchids 
presents no resemblance to a true stigma. When 
mature it either iueludes or is altogether formed of 
viscid matter. In many species the pollen-masaes are 
firmly attached to a portion of the exterior membrane, 
which, when insects visit the flowers, ia removed, 
together with the pollen-masses. This removable 
portion consists in most British Orchids merely of a 
small piece of membrane, with a layer or ball of viscid 
matter underneath, and I shall call it the "vigdddiso;" 
but in many exotic species the portion removed is so 



I 



k 



INTBODUCTION. 5 

Jarge and so importantj that one part must be called, 
as before, the viscid disc, and the other part the 'pedicel 
of the tostellom, to the end of which the pollen-masses 
are attached. Authors have called that portion of the 
rostellmn which is removed, the " gland " or " retina- 
enlnro," from ita apparent function of retaining the 
pollen-masses in their places. The pedicel, or pro- 
longation of the rostelliim, to which in many exotic 
species the pollen-masaes are attached, seems generally 
to have been confounded, under the name of caudicle, 
with the true caudicle of the pollen-masses, though 
their nature and origin are totally difl'erent. The part 
of the rostoUum which is left after the removal of 
the discs and viscid matter, is sometimes called the 
" bursicula," or " fovea," or " pouch." But it will be 
found convenient to avoid all these terms, and to call 
the whole modified stigma the rostellum— sometimes 
adding an adjective to define its shape ; that portion 
of the rostellum which is removed with the pollen- 
mosses being called the viaeid disc, together in some 
cases with the pedicel. 

Lastly, the three outer divisions of the flower are 
called sepals, and form the calyx ; but, instead of being 
green, as in most common flowers, they are generally 
coloured, like the three inner divisions or petals of the 
flower. In almost all the species, one of the petals, 
which is properly the upper one, is larger than the 
others and stands on the lower side of the flower, where 
it ofiers a landing-place for insects, having been carried 
round by the twisting of the ovarium. It is called 
the lower lip or lahellum, and often assumes most 
singular shapes. It secretes nectar for the sake of 
attracting insects, and is often produced into a spui- 
like nectary. 
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Btmotare of the flower of Orchis mnscnU — Power of Diovementof the 

poUiaiu— Perfect adaptutioit of the puta in Orubis pyiiimiilsliB — 
Othctr Bpbciea of Orchis and of some clnscl; allied genera — On the 
iiiBevtg which vieit the sevenil species, and on the freqaeni']' of their 
vidtB— On the fertility and sterility of varioiu OrclLida— Oil tha 
aecretion of ucolar and od ioMcta being piuposely delayed in 
obtaining it. 

Throdghout the following Tolume I hare followed, as 
far as I coDveniently could, the arrangement of the 
Orchid esB given by Lindley. The British species 
belong to five of his tribes, the Ophrete, Neotteie, 
ArethusejD, Malaxeas and Cypripedeie, but the two 
latter tribes contain each only a single genua. Various 
British and foreign species belonging to the several 
tribes are described in the first eight chapters. The 
eighth also contains a discussion on the homologies of 
the flowers of the Orchidete. The ninth chapter is 
devoted to miscellaneous and general considerations. 

The Ophrete include most of our common British 
species, and we will begin with the genus Orchis. The 
leader may find the following details rather difficult 
to understand ; but I can assure him, if be will have 
patience to make out the first case, the succeeding ones 
will be easily intelligible. The accompanying diagrams 
(fig. 1, p. 8) show the relative position of the more 
important organs in the fiower of the Early Orchis 
(0. maaevla). The sepals and the petals have been re- 
moved, excepting the labellum with its nectary. The 
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rnectary ia shown only in the aide view (n, fig. A) ; 
for its enlarged orifice is almost hidden in shade in the 
front view (B). The atigma (s) is bilobed, and con- 
Eiists of two almost confluent stigmas ; it lies under the 
pouch-formed rostellum (r). The anther (a, in B and 
A) consists of two rather widely separated cells, which 
are longitudinally open in front : each cell includes a 
poll en- mass or pollinium. 

A pollinium removed out of one of the two anther- 
cells is represented by fig. ; it consists of a number 
of wedge-formed packets of pollen-grains (see fig. F, 
in which the packets are forcibly separated), united 
together by excessively elastic, thin threads. These 
threads become confluent at the lower end of each 
pollen-mass, and compose the straight elastic caudicle 
(o, C). The end of the caudicle is firmly attached to 
the viscid disc {d, C), which consisla (as may be seen 
in the section of the pouch-formed rostellum, fig, E) 
of a minute oval piece of membrane, with a ball of 
f viscid matter on its under side. Each pollinium has 
I its separate disc ; and the two balls of viscid matter 
w lie enclosed together (flg, D) within the rostellum. 
The rostellum is a nearly spherical, somewhat 
pointed projection (r, figs. A and B) overhanging the 
two almost confluent stigmas, and must be fully de- 
scribed, as every detail of its structure is full of signi- 
I flcance. A section through one of the discs and balls 
I of viscid matter is given (fig. E) ; and a front view of 
' "both viscid dies within the rostellum (fig, D) is like- 
wise given. This latter figure (D) probably best 
serves to explain the structure of the rostellum ; but 
it must be understood that the front lip is here oon- 
I siderably depressed. The lowest part of the anther is 
I united to the back of the rostellum, as may be s^n 
Ig. B. At an early period of growth the rostelinm 
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Description of Fia. 1. 



a. anther, consbting of two cells. 
r. rostellum. 
$. stigma. 
L labellum. 



fi. nectaiT'. 

p. pollen-mass. 

e. caudicle of pollinium. 

d, viscid disc of pollinium. 



A. Side view of flower, with all the petals and sepals cut off except the 

labellum, of which the near half is cut away, as well as the upper 
portion of the near side of the nectary. 

B. Front view of flower, with all sepals and petals removed, except th« 

labellum. 

C. One pollinium, showing the packets of pollen-grains, the caudicle, and 

viscid disc. 

D. Front view of the caudicles of both pollinia with the discs lying within 

the rostellum, its lip being depressed. 

E. Section through one side of the rostellum, with the included disc and 

caudicle of one pollinium, lip not depressed. 

F. Packets of pollen-grains, lied together by elastic threads, here extended. 

(Copied from Baner.) 

2 
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9 of a mass ol' polygonal cells, full of brownish 
matter, which cells soon resulve themselves into two 
balls of extremely viscid semi-fluid matter, void of 
structure. These viscid masses are slightly elongated, 
almost flat on the top, and convex below. They lie 
quite free within the rostellum (being surrounded by 
fluid), except at the back, where each viscid ball 
adheres to a small portion or disc of the exterior 
membrane of the rostellum. The ends of the two 
oaudicles are strongly attached externally to these 
two little discs of membrane. 

The membrane forming the whole exterior surface 
of the rostellum is at first continuous ; but as soon as 
the flower opens the slightest touch causes it to rupture 
transversely in a sinuous line, in front of the anther- 
cells and of the little crest or fold of membrane (see 
fig. D) between them. This act of rupturing makes 
no difference in the shape of the rostellum, but con- 
verts the front part into a lip, which can be depressed 
easily. This lip is represented considerably depressed 
in fig. D, and its edge is seen, fig. B, in the front view. 
When the lip is thoroughly depressed, the two balls 
of viscid matter are exposed. Owing to the elasticity 
of the hindev part, the lip or pouch, after being 
pressed down, springs up again and encloses the two 
viscid balls. 

I will not affirm that the rupturing of the exterior 
membrane of the rostellum never takes place sponta- 
neously ; and no doubt the membrane is prepared for 
rupture by having become very weak along defined 
lines ; bat several times I saw the act ensue from an 
excessively slight touch — ^so slight that I conclude 
that the action is not simply mechanical, but, for the 
want of a better teiin, may he called vital. We shall 
hereafter meet with other cases, in which the sliglitest 
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toiit'h or the vapour of chloroform causes the exterior 
membrane of the rostellum to rupture along certain 
defined lines. 

At the same time that the rostellum becomes trans- 
Tersely ruptured in front, it probably (for it was 
impossible to ascertain thia fact from the position of 
the parts) ruptures behind in two oval lines, thus 
separating and freeing from the rest of the exterior 
surface of the rostellum the two little discs of mem- 
brane, to which the two caudicles are attached exter- 
nally, and to which the two balls of viscid matter 
adhere internally. The line of rupture is thus verv 
complex, but strictly defined. 

Ab the two anther-cells are open longituflinally 
in front from top to bottom, even before the flower 
expands, it follows that as soon as the rostellum is 
properly ruptured from the effects of a slight touch, 
its lip can be depressed easily, and, the two little discs 
of membrane being already separate, the two pollinia 
now lie absolutely free, but are still embedded in their 
proper places. So that the packets of pollen and the 
caudicles still lie within the anther-cells; the discs 
Btill form part of the rostellum, but are separate ; and 
the balls of viscid matter still lie concealed within 
the rostellum. 

Now let us see in the case of Orchis masoula (fig. 1) 
how this complex mechanism acts. Suppose an insect 
to alight on the labellum, which forms a good landing- 
place, and to push its head into the chamber (see side 
view, A, or front view, B), at the back of which lies the 
Btigma (s), in order to reach with its proboscis the end 
of the nectary ; or, which does equally well to show 
'the action, push very gently a sharply-pointed common 
pencil into the nectary. Owing to the |)onch-formed 
Tostellum projecting into the gangway of the nectary. 
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it is scarcely possible that any object can be pushed 
into it without the roatellum being touched. The ex- 
terior membrane of the roatellum then ruptures in the 
proper lines, and the lip or pouch is easily depressed. 
When this is effected, one or both of the viscid balls 
will almost infallibly touch the intruding body. So 
viscid are these balls that whatever they touch they 
firmly stick to. Moreover the viscid matter has 
the peculiar chemical quality of setting, like a 
cement, hard and dry in a few minutes' time. As the 
anther-cells are open in front, when the insect with- 
draws its head, or when the pencil is witiidrawn, one 
pollinium, or both, will bo witiidrawn, firmly cemented 
to the object, projecting up like liorns, as shown (fig. 2) 




by the upper figure, A. The firmness of the attach- 
ment of the cement is very necessary, for if the 
jiollinia were to fall sideways or backwards they could 
iii'ver fertilise the flower. From the position in 
which the two poUinia lie in their cells, they diverge a 
little when attached to any object. Now suppose that 
tliH insect flies to another flower, or let us insert the 
pencil (A, fig. 2), with the attached pollinium, into 
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the same or into another nectary : by lookinir at the 
diagram (fig. 1, A) it will be evident that the firmly 
attached pollinium will bti simply pushed agoinat or 
into its old position, namely, into the anther-cell. 
How then can the flower be fertilised? This is 
effected by a bfautiful contrivance : though the viscid 
surtace remains immovably afExed, the apparently 
insignificant and minute disc of membrane to which the 
caudicle adheres is endowed with a remarkable power 
of contraction (as will hereafter be more minutely 
described), which causes the pollinium to sweep 
through an angle of about ninety degrees, always in 
one direction, viz., towards the apex of the proboscis or 
pencil, in the course of thirty seconds on an average. 
The position of the pollinium after the movement is 
shown at B in fig. 2. After this movement, completed 
in an interval of time which would allow an insect to 
fly to another plant,* it will be seen, by turning to the 
diagram (fig. 1, A), that, if the pencil be inserted into 
the nectary, the thick end of the pollinium now 
exactly strikes the stigiuatic surface. 

Hero again comes into play another pretty adapta- 
tion, long ago noticed by Robert Brown. f The 
stigma is very viscid, but not so viscid as when 
touched by a pollinium to pull the whole off an insect's 
head or off a pencil, yet sufficiently viscid to break 
the elastic threads (fig. 1, F) by which the packets 
of pollen-grains are tied together, and leave some of 
tnem on the stigma. Hence a pollinium attached to 
an insect or to a pencil can be applied to many 
stigmas, and will fertili:;e all. 1 have often seen the 



• Dr. H. Miiller (' Die BeriTiPli- 
taii<; der Bluini'ii durcli lusekteu,' 
1873, p. 6i) hoe timed hiimlik'- 
beea eX work on the epik™ ot 



flowcra (if Orckit moscu/o. uuii 
finds thut this etaleincnt U cnrrei-t. 
t 'TrantiuoCiausof the Ljiiiiuun 
Societj,' Tol. xvi. p. 731. 
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pollinia of Orchis pyramidalis adhering to the pro- 
boaciu of a moth, with the stump-like caudiclea alone 
left, all the packets of pollen having been left glued 
to the stigmas of the successively visited flowers. 

One or two other little points must be noticed. 
The balls of viscid matter within the pouch-formed 
roatellum are surraunded with fluid ; and this is 
very important, for, as already mentioned, the viscid 
matter sets hard when exposed to the air for a very 
short time. I have pulled the balls out of their 
pouches, and found that they had entirely lost the 
power of adhesion after a few minutes. Again, the 
little discs of mombrane, the movement of which, a8 
causing the movement of the pollinia, is so abso- 
lutely indispensable for the fertilisation of the flower, 
lie at the upper and back surface of the rostellum, 
and ai'e closely enfolded and thus kept damp within 
the bases of the anther-cells ; and this is very neces- 
sary, as an exposure of about thirty seconds causes 
the movement of depression to take place ; but as 
long as the disc is kept damp, the pollinia remain 
ready for action whenever removed by an insect. 

Lastly, as I have shown, the pouch, after being 
depressed, springs up to its former position ; and this 
is likewise of great service ; for if this action did not 
take place, and an insect after depressing the lip 
failed to remove the two viscid balls, or if it removed 
one alone, then in the first case both, and in the 
second case one would be left exposed to the air; 
consequently one or both would quickly lose all 
adhesiveness, and the poUinium would be rendered ab- 
solutely useless. That with many kinds of Orchids 
insects often remove only one of the two pollinia at 
a time is certain; it is even probable that they 
generally remove only one, for the lower and older 
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flu were almost always have both poUinia remoyed, 
whilst the younger flowers cIosb beneath the bnda, 
which will have been seldomer visited, have frequently 
only one pollinium removed. In a spike of Orehie 
masalata, I found as many aa ten flowers, chiefly the 
upper ones, uhich had only one poUinium removed; 
the other pollinium being still in ifa proper place with 
the lip of the rostellum well closed up ; so that all the 
mechanism was perfect for its subsequent removal by 
some other insect. 

When the first edition of this book was published, 
I had not seen any insects visiting the flowers of 
the present species ; but a friend watched some plants, 
and saw them visited by several humble-bees, appa- 
rently Bombus muicorum ; and Dr. H. Miiller * has seen 
four other species of Bombus at work. He caught 
ninety-seven specimens, and of these thirty-two had 
pollinia attached to their heads. 

The description now given of the action of the 
organs in Orchis mascuia applies to 0. morto, fusca, 
maculata, and latifdia. These species present slight 
and apparently co-ordinated differences in the length 
of their caudicles, in the direction of the nectary, 
in the shape ami position of the stigma, but they 
are not worth detaihng. In all, the pollinia when 
removed from the anther-cella undergo the curious 
movement of depression, which is so necessary to 
place them in a right position on an insect's head 
for striking the stigmatic surface of another flower. 
Six species of humble-bees, the hive-bee and two 
other kinds have been seen by H. Miiller and myself 
visitiug the flowers of Orchis morio. On some of the 
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hive -bees from tea to sixteen pollen -inasses adhered; 
to the head of Eucera longicomia eleven, to the head of 
Omnia rvfa several, and several to the bare suri'aeu close 
above the mandibles of Bo-n^ms musoorum. R, Miiller 
has seen twelve different kinds of bees visiting the 
flowers of 0. laUfolia, which are also visited by 
Diptora. My son Guorge observed for some time 
plants of macTtlah, and saw many specimens of a 
fly (Empis lividd) inserting their proboscides into the 
nectary ; and subsequently the same fact was ob- 
served by me. He brought home six specimens of this 
Empis, with pollinia attached to their spherical eyes, 
on a level with the bases of the antenme. The pollinia 
had undergone the movement of depression, and stood 
a little above and parallel to the proboscis ; hence 
they were in a position excellently adapted to strike 
the stigma. Six pollinia were thus attached to one 
specimen, and three to another. My son also saw 
another and smaller species (Empis pennipes) inserting 
its proboscis into the .nectary; but this species did 
not act so well or so regularly aa the other in 
fertilising the flowers. One specimen of this latter 
Empia had five poUinia, and a second had three 
pollinia, attached to the dorsal surface of ite convex 
thorax. H. Miiller has seen two other genera of 
Diptera at work tm this orchis, with pollinia attached 
to the front part of their bodies ; and on one occasion 
he saw a humble-bee viwiting the flowers.* 

We now come to Orchis (aub-genus, Anaoamptis) 
pyramidalis, one of the most highly organised specify 



* M, M. Qirsnl caught e 
laiigioorD beetle, Btranijalla atra. 
witb II tuft of the jiollflii-iiitu-ne. 
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which I have examined, and which is ranted by several 
botanists as a distinct genus. The relative position ot 
the parts (fig, 3) is here considerably different from 
what it is in 0. maseula and its allies. There are two 
quite distinct rounded stigmatic surfaces (s, s, A) 
placed on each side of the pouch-formed rostellum, 
This latter organ, instead of standing some height 
above the nectary, is brouglit down (see side view B) 
so aa to overhang and partially to close its orifice. 
The ante- chamber to the nectary, formed by the 
union of the edges of the labellum to the column, 
which ia large in 0. mascida and its allies, is here 
amall. The pouch-formed rostellum is hollowed out 
on the under side in the middle : it ia filled with 
fluid. The viscid disc is single and of the shape of a 
saddle (figs. and E) ; it carries on its nearly flat 
top or seat the two caudicles of the pollinia, the ends 
of wbicii firmly adhere to its upper surface. Before 
the membrane of the rostellum ruptures, the saddle- 
formed disc can be clearly seen to ba coLtlnuous with 
the rest of the surface. The disc ia paitially hidden 
and kept damp (which is of great imiiortanee) by the 
jver-folding bases of the two anther-cella. It consista 
of several layers of minute cells, and ia therefore rather 
thick; it ia lined beneath with a layer of highly ad- 
hesive matter, whicli is formed within the rostellum. 
It corresponds strictly to the two minute, oval, sepa- 
rate discs to which the two caudicles of 0. nianeuia 
and its allies are attached. 

When the flower opens and the rostellum has 
become symmetrically ruptured, either from a touch 
or spontaneously (I know not which}, the slightest 
pressure depresses the lip, that is, the lower and bi- 
lobed portion of the exterior membrane of the ros- 
tellum, which projects into the mouth of the nectary. 
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a, anther. 
$,». stigma. 
r. rostellum. 



/. labellum. 

/'. guiding plate on the labellom. 

n. nectary. 



A. Front view, with all the sepals and petals removed, except the 

labellum. 

B. Side view, with all the sepals and petals removed, with the labellum 

longitudinally bisected, and with the near side of the upper part 
of the nectary cut away. 

C. The two pollinia attached to the saddle-shaped viscid disc. 

D. The disc after the first act of contraction, with no object seized. 

E. The disc seen from above, and flattened by force, with one pollinium 

removed ; showing a depression in its surface, by which the second 
movement of the pollinium is effected. 

F. The pollinia removed by the insertion of a needle into the nectary, after 

the saddle has clasped the necylle by the first act of contraction. 

G. The same pollinia after the second movement and their consequent 

d^ pWMJ fOII. 
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Wheu the lip is dfipresaed, tht; under and viscid surface 
of the disc, still remaining in its jiroper place, ia un- 
ooyered, and is almost certain to adhere to the toncli- 
ing object. Even a human hair, when pushed into 
the nectary, is stiff enough to depress the lip or 
pouch ; and the viscid surface of the saddle adheres 
to it. If, however, the lip be pushed only slightly, 
it springs back and recovers the under side of the 
saddle. 

The perfect adaptation of the parts is well shown by 
cutting off the end of the nectary and inserting a 
bristle at that end ; consequently in a revereed direc- 
tion to that in which moths insert their probosoides; 
and it will be found that the roatullum may easily be 
torn or penetrated, but that the saddle ia rarely or 
never caught. When the saddle together with the 
poUinia is removed on a bristle, the under lip in- 
stantly curls closely inwards, and leaves the orifice of 
the nectary more open than it was before; but whether 
this is of much service to the moths which frequent 
the flowers, and consequently to the plant, 1 will not 
pretend to decide. 

Lastly, the lahellum ia furnished with two pro- 
minent ridges (I, figs. A, B), sloping down to the 
middle and expanding outwards like the mouth of a 
decoy ; these ridges serve to guide any fle:xible 
body, like a fine bristle or hair, iuto the minute and 
rounded orifice of the nectary, which, small as it 
already is, is partly choked up by the rostellum. 
This contrivance of the guiding ridges may be com- 
pared to the little inatrurueut sometimes used for 
guiding a thread Juto the fine eye of a needle. 

Now let us see how these parts act. Let a moth 
insert its proboscis (and we shall presently see how 
frequently the flowers are visited by Lepidoptei-a) 
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between tke guiding ridges of the labellum, or iusert 
a fine bristle, and it is conducted safely to the miniito 
orifice of the nectary, and can hardly fml to depress 
thb lip of the rostellum ; this being effected, the 
bristle comes into contact with the now naked and 
sticky under surface of the suspended saddle- formed 
disc. When the bristle is removed, the saddle with 
the attached poUinia is removed. Almost instantly, 
as soon as the saddle is exposed to the air, a rapid 
movement takes place, and the two flaps curl inwards 
and embrace the bristle. When the pollinia are 
pulled out by their eaudicles, by a pair of pincers, 
so that the saddle has nothing to clasp, I observed 
that the flaps curled inwards so as to touch each 
other in nine seconds (see fig. D), and in nine more 
seconds the saddle was converted by the flaps curl- 
ing still more inwards into an apparently solid ball. 
The proboscides of the many moths which I have 
examined, with the pollinia of this Orchis attached 
to them, were so thin that the tips of the flaps just 
met on the under side. Hence a naturalist, who 
sent me a moth with several saddles attached to its 
proboscis, and who did not know of this movement, 
very naturally came to the extraordinary conclusion 
that the moth had cleverly bored through the exact 
centres of the so-called sticky glands of some 
Orchid. 

Of course this rapid clasping movement helps to fix 
the saddle upright on the proboscis, which is very 
important ; but the viscid matter setting hard rapidly 
would probably suffice for this end, and the real object 
gained by the clasping or curling movement ia the 
divergence of the pollinia. The pollinia, being at- 
tached to the fiat top or seat of the saddle, project at 
first straight up and nearly parallel to each other ; 
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but as the flat top curls round the cylindrical and 
thin proboscis, or round a bristle, the pollinia neces- 
sarily diverge. As soon as the saddle has clasped the 
bristle and the pollinia have diverged, a second move- 
ment commences, which action, like the last, is ex- 
clusively due to the contraction of the saddle-shaped 
disc of membrane, as will be more fully described in 
the ninth chapter. This second movement is the 
same as that in 0. maseula and its allies, and causes 
the divergent pollinia, which at first projected at right 
angles to the needle or bristle (see fig. F), to sweep 
through an angle of nearly ninety degrees towards the 
tip of the needle (see fig. G), so as to become de- 
pressed and finally to lie in the same plane with the 
needle. In three specimens, this second movement 
was effected in from thirty to thirty-four seconds after 
the removal of the pollinia from the anther-cells, and 
therefore in about fifteen seconds after the saddle had 
clasped the bristle. 

The use of this double movement becomes evident 
if a bristle with pollinia attached to it, which have 
diverged and become depressed, be pushed between 
the guiding ridges of the labellum into the nectary 
of the same or another flower (compare figs. A and 
G) ; for the two ends of the poUen-niasaes will be 
found now to have acquired such a position that the 
end of the one strikes against the stigma on the one 
side, and the end of the other at the same moment 
strikes against the stigma on the opposite side. The 
secretion on the stigmas is so viscid that when the 
pollinia are withdrawn, the elastic threads by which 
the packets of pollen are bound together are ruptured ; 
and some dark-green grains may be seen, even by the 
naked eye, remaining on the two white stigmatic sur- 
faces. I have shown this little experiment to several 
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persona, und all have expressod the liveliest admiratiun 
; the perfection of the contrivance by which this 
I Orchid is fertilised. 

As in no other plant, or indeed in hardly any 

' animal, can adaptations of one part to another, and 

I the whole to other organisms widely remote in the 

sale of nature, be named more perfect than those 

presented by this Orchis, it may be worth while 

I briefly to sum them np. Aa the flowers are visited 

I both by day and night-flying Lepidoptera, it ia not 

] fanciful to believe that the bright-purple tint (whether 

I'.or not specially developed for this purpose) attracts 

rthe day-fliera, and the strong foxy odour the night- 

1, Jiers. The upper sepal and two upper petals form a 

I ^ood protecting the anther and stigmatic surfaces 

[ &om the weather. The labellum is developed into a 

Vlong nectary in order to attract Lepidoptera, and we 

•shall presently give reasons for suspecting that the 

f nectar is purposely so lodge^l that it can be siicked 

kmly slowly (very differently from what occurs in most 

Ldther plants), in order to give time for the viscid 

pmatter on the under side of the saddle to set hard 

[and dry. He who will insert a fine and flexible 

t bristle into the expanded mouth of the flower between 

rthe sloping ridges on the labellum, will not doubt 

ihat they serve as guides and effectually prevent the 

jbristle or proboscis from being inserted obliquely into 

die nectary. This latter circumstance is of manifest 

mportance, for, if the proboscis were inserted ob- 

Biquely, the saddle-formed diac would become attached 

nbliqnely, and after the compounded movement of the 

jollinia they would not strike the two lateral stigmatic 

surfaces. 

Then we have the roatellum partially closing the 
iiaouth of the nectary, like a trap placed in a run for 



24 OPHRE-E. Oa»F. L 

game ; and the trap so complex and perfect, with it* 
Bymmetrical lines of rupture forming the aaddle- 
ahaped disc above, and the lip of the pouch below ; 
and, lastly, this lip ao easily depressed that the pro- 
bcBcis of a moth can hardly fail to uncover the viscid 
disc and adhere to it. But if this fails to oecur, the 
elastic lip rises and covers again the viscid surface, 
so aa to keep it damp. The viscid matter within the 
roKtellum is attached to the saddle-shaped disc alone, 
and is aurrouoded by fluid, so that it does not set hard 
till the disc is withdrawn. The upper surface of the 
saddle, with the attached caudicles, is also kept 
damp by the bases of the anther-cells, until it is 
withdrawn, and then the curious clasping movement 
instantly comraeucea, causing the pollinia to diverge, 
followed by the movement of depression, which move- 
ments together are exactly fitted to cause the ends 
of the two pollen-massea to strike the two stigmatic 
surfaces. These stigmatic surfaces are not so sticky 
as to tear off the whole poUinium from- the proboscis 
of the moth, but by rupturing the elastic threads to 
secure a few packets of pollen, leaving plenty for other 
flowers.* 

But let it be observed that, although the moth pro- 
bably takes a considerable time to suck the nectar of 
a flower, yet the movement of depreaaion in the pol- 
linia does not commence (as I know by trial) tmtil 
they are fully withdrawn ; nor will the movement be 
completed, and the pollinia properly placed for strik- 
ing the stigmatic surfaces, until about half a minute 
has elapsed, which will give ample time for the moth to 
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fly to another plant, and thus tffeL't a union between 
two distinct individuals. 

Orchis uatulata* resemblea 0. pyramidcdis "in some 
important reapecits, nnd differs from it in others. The 
labellum is deeply channelled, and the channel which 
replacea the guidiug ridges of 0. pt/raniidalix leads to 
the small triangular orifice of the short nectary. The 
upper angle of the triangle is overhung by the ros- 
tellum. the pouch of which is rather pointed below. 
In accordance with this position of the rostellum, 
close to the month of the nectary, the stigma ia 
double and lateral. This species shows in an interest- 
ing manner how easily two distinct stigmas, like those 
of 0, pyramidaiis, might he converted into a single 
one, by becoming at first slightly lobed like that of 
0. maacula, and tJien acquiring its present structure. 
For directly beneatb the rostellum there is a narrow 
transverse rim, formed of true atigmatie tissue, which 
connects together the two lateral stigmas ; so that 
if this rim were widencil, the two stigmas would be 
converted into a single transverse one. Conversely 
a single stigma might thus easily be converted into a 
double one. The pulliuia undergo the usual move- 
ment of depression, and in acquiring this position 
the two diverge slightly, so as to be ready to strike the 
two lateral stigmas. 

Orchis (sub-genus Himantoglossum) hircina. — -A fine 
specimen of this extremely rare British plant, the 
Lizai'd Orchis, with its curious elongated labellum, 
was sent me by Mr. Osendeii. The two pollinia 
arise from a single almost square disc ; and when 
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they aro renmved ftom their cells, they do not di- 
verge, but become dejtreaaed, sweeping through an 
angle of ninety degrees, in abuut thirty seconds. Thoy 
are then in a proper position for striking the single 
large stigma which lies beneath the rostollum. In the 
cjise of 0. pyramidalis we have seen that the depression 
of the two pollinia is effected by the contraction of 
the disc in front of each, two furrows or valleys being 
there formed ; whilst with the present species, the 
whole front of the disc contracts or sinks down, the 
ront part being thus separated from the hinder part 
l>v an abrupt step. 

Aceras' {Orchis) anthropophora. — The caudiclea of 
the pollinia are unusually short ; the nectary consists 
of two minute rounded depreaaiona in the iabeilum; 
the stigma is transversely elongated ; and lastly the 
two viscid discs lie so close together within the ros- 
lellum that they affect each other's outline. This 
latter fact is worth notice, as a step towards the two 
becoming absolutely confluent, as in the following 
species of Aceras, in 0. pyrumii^alis and hircina. 
Nevertheless, in Aceras a single pollinium is some- 
times removed by insects, though more rarely than 
with the other species of Orchis. 

Aemcs (Orchis) lomiibraeteaia. — Mr. Moggridge has 
given an interesting account, together with a figure, 
of this plant which grows in the South of France-t 
The pollinia are attached to a single viscid dise. 
When they are removed they do not diverge as in 
0. pyraviidalis, but converge and then undergo the 
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movement of depression. The most remarkable point 
abnut this species is that insects seem to suck nectar 
oat of minute open cella in the honeycombed surface 
of the labellum. The flowers are visited by vtirious 
hymenupterous and dipterous insects ; and the author 
saw the pollinia attached to the turehead of a large 
bee, the Xyloeopa violacea. 

NeoHnea (Orchis) intacta. — Mr. Moggridge sent me 
from North Italy living specimens of this very rare 
British plant, which, as he informed me, is remark- 
able from priiducing seeds without the aid of insects. 
When insects were carefully excluded by me, almost 
all the flowers produced capsules. Their fertilisation 
follows from the pollen being extremely incoherent, so 
as to fall sjumtaneously on the stigma. Nevertheless 
« short nectjiry is present, the polUnia possess small 
viscid di9C8, and all the parts are so arranged that, 
if insects were to visit the flowera, the pollen-masses 
would almost certainly be removed and carried to 
another flower, but not so effectually as with most 
other orchids. 

Serapias cordigera, an inhabrtant of the South of 
France, has been described by Mr. Moggridge in the 
paper just referred to. The pollinia are attached to 
A single viscid disc: when first withdrawn, they are 
bent backwards, but soon afterwards move forwards 
and downwards in the nsnal manner. As the stigmatic 
cavity is narrow, the pollinia are guided into it by two 
guiding plates. 

Nigrileila anffitsti/olia. — This Alpine species is said 
by Dr. H. Miiller" to differ from all ordinary orchids 
in the ovarium not being twisted ; so that the labellum 
stands on the upper side of the flower, and insects 

• 'NutuTP,' Deo. 81, 1M74, p. 169. 
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alight on the opposite sepals and petals. As a con- 
sequence of this, when a butterfly inserts its prohoscis 
into the narrow entrance of the nectary, the viscid discs 
become attached to the lower surface of the proboscis, 
and the pollinia afterwards move upwards, instead of 
as in all other orchids downwards. They are then in 
the proper position for striking the stigma of the next 
flower which is visited. Dr. Mtiller remarks that the 
flowers are frequented by an extraordinary number of 
butterflies. 

1 have now described the structure of most of the 
British and of a few 'foreign species in the genus 
Orchis and its close allies. All these species, with the 
exception of the Neotinea* require the aid of insects for 
their fertilisation. This is obvious from the lact that 
the pollinia are so closely embedded in the aother-cellH, 
and the ball of viscid matter in the ptiueh-ibrmed 
rostellum, that they cannot be shaken out by violence. 
We have also seen that the pollinia do not assume the 
proper position for striking the stigmatic surface until 
some time has elapsed; and this indicates that they 
are adapted to fertilise, not their own flowers, but those 1 
on a distinct plant. To prove that insects are nee 
aary for the fertilisation of the flowers, I covered up 
a plant of Or elds morio under a bell-glass, before 
any of its pollinia had been removed, leaving three 
adjoining plants uncovered ; 1 looked at the latter 
every morning, and daily found some of the pollinia 
removed, till all were gone with the exception of those 
in a single flower low down on one spike, and of those 
in one or two flowers on the summits i)f all the spikes, 
which were never removed. But it should be observed 
that when only a very few flowers remain open on the 
summits of the spikes, these are no longer conspicuous. 
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i would consequently be rarely visited by insects. 
I then looked at tbe perfectly healthy plant under 
the bell-glass, and it had, of course, all its pollinia in 
the anther-cells. I tned an analogous e\periirient with 
Bpecimens of 0- mascula with the same result It de- 
serves notice that the spikes which had been covered 
up, when subsequently left uncovered, never had their 
pollinia carried away by insects, and did not, of course, 
set any seed, whereas the adjoining plants produced 
plenty of seed. From thia fact it may be inferred 
that there is a proper season for each kind of Orchis, 
and that insects cease their visits after the proper 
season has passed. 

With many of tbe hitherto mentioned species, and 
with several other European kinds, the sterility of the 
flowers, when protected from the access of insects, 
depends solely on the pollen -masses not coining into 
contact with the stigbia. This has been proved to be 
the case by Dr. Hermann Miiller, who, as he informs 
me, applied the pollen-masses of Orchis pyramidcdia 
(44), fusca (6), mililaris (14), varie<jata (3), coriophora 
(fl), mono (4), maculata (18), mascula {6). lattfolia (8), 
incamata (.i), Ophrys mMsci/era (8), Oymnadsnia connp- 
tea (14), albida{S), Sermimwm iiionorckis (6), Epipogon 
a^yllvs (2), Epipadis lattfolia {li),palttslris (4), Liaiera 
ovuta (5), and Vypripedium calceolus (2), to their own 
stigmas, and full-sized capsules, containing seeds in 
appearance good, were formed. The numbers placed 
after the names of the species show how many flowers 
were tried in each case. These facts are remarkable, 
because Mr. Scott and Fritz Miiller* have proved 
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tbttt various exotic species, both in this country and 
ill their native homes, invariably fail to yield seed- 
napsules, when the flowers are fertilised with their own 
pollen. 

From the observations already given, and from 
whftt will hereafter be shown with respect to Gym 
nadenia, Habenaria, and some other species, it is a 
safe generalisation* that species with a short and 
not very narrow nectary are fertilised by beosf and 
flies; whilst those with a much elongated nectary, 
or one having a very narrow enti-ance, are fertilised 
by butterflies or moths, these being provided with 
long and thin proboscideB. We thus see that the 
structure of the flowtrs of Orchids and that of 
the iuseots which habitually visit them, are corre- 
lated in an interesting manner, — a fact which has 
been amply proved by Dr. H. Muller to hold good 
with many of the Orchidete and other kinds of 
plants. 

With respect to Orckit pyraviidalis, which possesses, 
as we have seen, an elongated nectary, Mr. Bond was 
80 kind as to send me a large number oi' LepiJoptera, 
out of which I selected twenty-three species, enumer- 
ated in the following list, with the pollinia of this 
Orchid, which can easily be recognised, attached to 
their proboscides. 
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IjjnBnii plilnjiis. 
Argp gHldtlieii. 
Haiperiii sylynniia. 

Sipri nil thus alvontus. 
Antliioeem fllipnndulie. 

trifolii.' 
Litlioaia oomplHiin. 
LeuitiDia litliurgyria (Iwi 

Caradrina bliitida. 

Agrofis (Stale uoa. 



Xylo|iliaBia snblastria two apeoi- 



SpiliiJeB palta 
Aoontia luctut. 
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A large miijority of these moths and butterflies 
had two or three pairs of poUiuia attatihed to them, 
and invariably to the proboscis. The Acontia had 
seven pair (flg. 4), and the pj^. 4. 

Caradrinanoleasthaneleven , 
pair I The proboscis of this 
Ifttter moth presented an ex- 
traordinary arborescent ap- 
pearance. The saddle-formed 
discs, each bearing a pair of 
pollinia, adhered to the pro- 
boecis, one before the other, 
witn perfect symmetry ; and HerMi sbA 




I' Ornhia pyramiiialu 



pair of pal lie 



this follows from the moth 
having always inserted its 

proboscis into the nectary in exactly the same manner, 
owing to the presence of the guiding plates on the 
labellum. The unfortunate Caradriua, with its pro- 
boscis thus encumbered, could hardly have reached 
the extremity of the nectary, and would soon hare 
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been starved to death. Both these moths must have 
sucked many more than the seven and eleven flowers, 
of which they bore the trophies, for the earlier at- 
tached pollinia had lust much of their pollen, showing 
that they had touched many viHcid stigmas. 

The above list proves that many diflTerent species 
of Lepidoptero visit the same kind of Orchis. The , 
Hadena dentina also freq^uenta Habenaria. Probably 
all the Orchids provided with elongated nectaries i 
are visited indifferently by many kinds of moths. 
Whether any of the British Orchids are fertilised 
exclusively by special, insects confined to certain 
localities is very doubtful ; but we shall hereafter see 
that Epipadis lati/olia seems to be fertilised by wasps . 
alone. I have twice observed plants of Gymnadenia ' 
oonopsea, which had been transplanted into a garden i 
many miles from its native home, with nearly all ' 
their pollinia removed. Mr. Marshall of Ely" has 
made the same observation on similarly transplanted 
specimens of 0. maculaia. On the other hand fifteen 
plants of Ophrys mvseifera had not one pollen-maas 
there removed. Malaxis -palvdoaa was placed in a 
bog about two miles from that in which it naturally I 
grew ; and it had most of ita pollinia immediately 
removed. 

The list which follows serves to show that insects in 
most oases perform the work of fertilisation effectually. 
But the list by no means gives a fair idea how effectu- ' 
ally it is done ; for I have often found nearly all the 
pollinia removed, but kept an exact record only in , 
exceptional cases, as may be seen by the appended 
remarks. Moreover, in most cases, the pollinia which 
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had not been removed were in the upper flowers 
beneath the buds, and many of these would probably 
have been subsequently carried away. I have often 
found an abundance of pollen on the stigmas of flowers 
which had not their own poUinia removed, showing 
that they had been visited by insects. In many other 
eases the pollinia had been removed, bnt no pollen had 
been as yet left on the stigmas. 
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In the Beoond lot of 0. morio, in the preceding list, 
vn> see the iiijuiiuus effects of tho extraordinary cold 
and wot scusuu of 186U on the visits of insects, aad, 
cunsequently, on the fertiliaatiou of this Orchid, very 
fow seed-capsules having been produced. 

1 have examined spikes of 0. pyramidalis in which 
every single expanded Howei had its poUinia removed. 
The forty-nine lower flowers of a spike &om Folkestone 
(sent me by Sir Charles Lyell) actually produced forty- 
eight Hue geed-eapsules ; and of the sixty-nine lower 
flowers in three other spikes, seven alone had tailed to 
produce capsules. These facts nhow how well moths 
and butterflies perform their ofBce of marriage-priests." 

The third lot of 0, pyramidalie in the above list 
grew on a steep grassy bank, overhanging the sea near 
Torquay, and where there were no bushes or other 
shelter for l^epidoptera ; being surprised how few pol- 
linia had betiu removed, though the spikes were old 
and very many of the lower flowers withered, I gathered, 
for comparison, six other spikes from two bushy and 
sheltered valleys, half a mile on each side of the 
exposed bank ; tliese spikes were certainly younger, 
and would probably have had several more of their 
poliinia removed ; but in their present condition we 
see how much more frequently they had been visited by 
moths, and consequently fertilised, than those growing 
on tho much exposed bank. The Bee Ophrys and 
0. pyratnidalis grow mingled together in many parte 
of England ; and they did so here, but the Bee Ophrys, 
instead of being, as usual, the rarer species, was here 
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raucli more abundant tbeui 0. pyramidalis, No one 
would readily have suspected that one chief reason of 
this difference probably was, that the exposed Bituatiou 
was unfavourable to Lepidoptera, and therefore to the 
seeding of 0. pyramidalis ; whereas, as we shall here- 
after see, the Bee Ophrys is independent of insects. 

Many spikes of 0. latifolia. were examined, because, 
being familiar with the usual state of the closely-allied 
0. maeuitUa, I was surprised to find in nine nearly 
withered spikes (aa may be seen in the list) how few 
pollinia had been removed. In one instance, however, 
0. maculata had been even worse fertilised ; for seven 
spikes with 315 flowers, produced only forty-nine seed- 
capsules— that is, on an average only seven capsules 
OB each spike. In this case the plants formed larger 
beds than I had ever before seen ; and I imagine that 
there were too many flowers for the insects to visit 
and fertilise all of them. On some other plants of 
0. maeulala growing at no great distance, above thirty 
capsules had been produced by each spike. 

Orchis fusea offers a still more curious case of 
imperfect fertilisation. I examined ten fine spikes 
from two localities in South Kent, sent to me by Mr. 
Oxenden and Mr. Maiden : most of the flowers on these 
spikes were partly withered, with the pollen mouldy 
even in the uppermost flowers ; we may therefore infer 
that no more pollinia would have been removed, I 
examined all the flowers only in two spikes, on account 
of the trouble from their withered condition, and the 
result may be seen in the list, namely, fifty-four 
Sowers with both pollinia in place, and only eight 
with one or both removed. In this Orchid, and in 0. 
laUfdia, neither of which had been sufficiently visited 
by insects, there were more flowers with one poUinium 
,D with both removed. I ijusually examined many 
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flowers in the other spikes of O.fusca, and the propor- 
tion of pollinia removed was evidently not greater 
than in the two in the list. The ten spikes bore 
altogether 3-58 flowers, and, in accordance with the 
few pollinia removed, only eleven capsules had been 
formed : five of the ten spikes produced not a single 
capsule ; two spikes bad only one, and one had aa 
many as four capsules. As corroborating what I have 
before said with respect to pollen being often found on 
the stigmas of flowers which retain their own pollinia, 
I may add that, of the eleven flowers which bad 
produced capsules, five had both pollinia still within 
their now withered antber-cells. 

From these facts the suspicion naturally arises that 
0. fuaca is so rare a species in Britain from not being 
sufficiently attractive to insects, and to its not 
producing a sufficiency of seed. C. K. Sprengel" 
noticed, that in Germany 0. militaris (ranked by 
Bentbam as the same species with O.fvsca) is Ukeviise 
imperfectly fertilised, but more perfectly than our 0. 
fusca ; for he found five old spikes bearing 138 flowers 
which had set thirty-one capsules ; and he contrasts the 
state of these flowers with those of Gymnadenia conop- 
sea, in which almost every flower produces a capsule. 

An allied and curious subject remains to be discussed. 
The existence of a well-developed spur-like nectary 
seems to imply the secretion of nectar. But Bprengel, 
a most careful observer, thoroughly searched many 
flowers of 0. lalifolia and morio, and could never find 
a drop of nectar; nor could Kriinitzt find nectar 
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' either in tlie nectary or on tlie labellum of 0. morio, 
I fusca, militaris, maeidaia or lalifolia. I have looked 
' to all our common British species and could find no 
trace of nectar; I examined, for instance, eleven 
flowers of 0. maettlaia, taken from different [>lanfa 
growing in different districts, and taken from the most 
favourable position on each spike, and could not find 
under the microscope the smallest bead of nectar. 
Sprengel calls these flowers " Soheitisaftblumen," or 
flham-nectar-prodncers ; — ^he believes that these plants 
exist by an organized system of deception, for he well 
knew that the visits of insects were indispensable for 
their fertilisation. But when we reflect on the incalcul- 
able number of plants which have lived during a great 
length of time, all requiring that insects should carry 
the pollen-masses from flower to flower in each gene- 
ration ; and as we further know from the number of the 
pollen-massea attached to their proboscides, that the 
same insects visit a large number of flowers, we can 
hardly believe in so gigantic an imposture. He 
who believes in Sprengel'a doctrine must rank the 
sense or instinctive knowledge of many kinds of 
insects, even bees, very low in the scale. To test 
the intellect of moths and butterflies I tried the 
following little experiment, which ought to have been 
tried on a larger scale. I removed a few already- 
opened flowers on a spike of 0. ■pyramidaUs, and 
then cut off about half the length of the nectaries 
of the six next non-expanded flowers. When all the 
flowers were nearly withered, I foimd that thirteen 
of the fifteen upper flowers with perfect nectaries 
had their pollinia removed, and two alone had their 
pcllinia still in the anther-cells ; of the six flowers 
with their nectaries cut off, three had their pollinia 
removed, and three were still in place ; and this in- 



' dicatat that moths do not go to work in a quite sense- 
less nmnner.* 

Niitui'e may be said to have tried this aame experi- 
ment, but not quite fairly; for Orchis piframidcdis, 
M shown by Mr. Bentham.t often produces monstrous 
flowers without a nectary, or with a short and imperfect 
one. Sir C. Lyell Bont me several spikes from Folte- 
Btone with many flowers in this condition : I found six 
without a vestige of a nectary, and their pollinia had 
not been remove*!. In about a dozen other flowers, 
having either short nectaries, or with the labellum 
imperfect, the guiding ridgea being either absent or 
developed in excess and rendered foliaceous, the 
pollinia in one ahuie had been removed, and the ova- 
rium of another flower was swelling. Yet I found 
that the saddle-formed discs in these eighteen flowers 
were perfect, and that they readily clasped a needle 
when inserted in the proper place. Motha hail removed 
the pollinia, and had thoroughly fertilised the perfect 
flowers on the same spikes; so that they must have 
neglected the monstrous flowers, or, if visiting them, 
the derangement in the complex mechanism of the 
parts had hindered the removement of the pollinia, 
and prevented their fertilisation. 

Notwithstanding these several facts I still suspected 
that nectar must be secreted by our common Orchids, 
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ama. L SECRETION OF NEOTAR. 

and I determined to examine 0. morio rigorously, 
soon aa many flowers were open, I began to e 
them for twenty-three consecutive days : I looked at 
them after hot sunshine, after rain, and at all hourg : 
I kept the spikes in water, and examined them at 
midnight, and early the next morning: I irritated 
the nectaries with a bristle, and exposed them to 
irritating vapours : I took flowers which had lately had 
their poUinia removed by insects, of which fact I had 
independent proof on one occasion by finding grains 
of some foreign pollen within the nectary ; and 1 took 
other flowers.which judging from their position on the 
spike, would soon have had their pollinia removed; 
bat the nectary was invariably quite dry. After the 
publication of the first edition of this work, I one 
day saw various kinds of bees visiting repeatedly the 
flowers of this same Orchid, so that this was evidently 
the proper time to examine their nectaries ; but I failed 
to detect under the microscope even the minutest drop 
of uectar. So it was with the nectaries of 0. maaUaia 
at a time when I repeatedly saw flies of the genuB 
Empis keeping their proboscides inserted into them 
for a considerable length of tima Orchis pyramidaliB 
was examined with equal care with the same result, 
for the glittering points within the nectary were abso- 
Intely dry. We may therefore safely conclude that 
the nectaries of the above-named Orchids neither in 
this country nor in Germany ever contain nectar. 

Whilst examining the nectaries of 0. morio and 
maculafa, and especially of 0. pyramiddlis and hirctna, 
I was sntprised at the degree to which the inner and 
■ outer membranes forming the tube or spui were sepa- 
rated from each other, — also at the delicate nature of 
the inner membrane, which could be penetrated very 
eaaily,— and, lastly, at the quantity of fluid contained 
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between the two membranes. So copious is this fluid, 
that, after cutting off the extremitiea of the nectaries 
of 0, pyramidalis, and gently squeezing them on gloss 
under the microscope, such large drops of fluid exuded 
from the cut ends, that I concluded that at last I had 
found nectaries which contained nectar ; but when I care- 
fully made, without any pressure, a slit along the upper 
surface of other nectaiies from the same plants, and 
looked into them, their inner surfaces were quite dry. 
I then examined the nectaries of Gymnadenia conojxea 
(a plant ranked by some botanists as a true Orchis) 
aniof ffabenaria ht/olia, which are always full of nectai 
up to one-third or two-thirds of their length. The 
inner membrane presented the same structure and wa« 
covered with papillte as in the foregoing species ; but 
there was a plain difference in the inner and outer 
membranes being closely united, instead of being in 
some degree separated from each other and charged 
with fluid. I was therefore led to conclude that insects 
penetrate the lax inner membrane of the nectaries of 
the above-named Orchids, and suck the copious fluid 
between the two membranes. This was a bold hypo- 
thesis; for at the time no case was known of insects 
penetrating with their delicate proboscides even the 
laxest membrane. But I have now heard from Mr. 
Trimen, that at the Cape of Good Hope moths and 
butterflies do muoh injury to peaches and plums by 
puncturing their unbroken skins. In Queensland 
Australia, a moth, the Ophideres fviloniea, bores 
through the thick rind of the orange with its wonder- 
ful proboscis, provided with formidable teeth." There 
is therefore not the least difficulty in believing that 
Lepidoptera with their delicate proboscides, and bees 
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with their much stronger ones, could penetrate with ease 
the soft inner membrane of the nectariea of the above- 
named Orchida. Dr. H. Miiller is also convinced* that 
insects puncture the thickened bases of the standard 
petals of the Labumum.f and perhaps the petals of 
some other flowers, so as to obtiiin the included fluid. 

The various kinds of bees which I saw visiting the 
flowers of Orchis mono remained for some time with 
their proboscides inserted into the dry nectaries, and 
I distinctly saw this organ in constant moi'ement. I 
observed the same fact with Empis in the ease of 0. 
maeulata ; and on afterwards opening several of the 
nectaries, I occasionally detected minute brown specks, 
due as I believe to the punctiu'es made some time 
before by these flies. Dr. H. Miiller, who Iias often 
watched bees at work on several species of Oi.chia, the 
nectaries of which do not contain any free neiitar, fully 
accepts my view-t On the other hand, Delpino still 
maintains that Sprengel ia right, and that insects are 
continually deceived by the presence of a nectary, 
though this contains no nectar. § His belief is founded 
chiefly on a statement by Sprengel that insects soon 
find out that it is of no use to visit the nectaries of 
these orchids, as shown by their fertilising only the 
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lower and firat opened flowere. But thia statement is 
completely coutriidictod by my observations previously 
given, from wliicti it follows that very many of the 
upper flowers are fertilised ; for instance, on a spike 
of 0. pyramidalis with between fifty and sixty flowers, 
no less than forty-eight had their poUinia removed. 
Nevertheless, as soon as I learnt that Delpino still be- 
lieved in Sprengel'a view, I selected during the un- 
favourable season of 1875 six old spikes of 0. tnacvlaia, 
and divided each into halves, so us to observe whether 
many more capsules were produced by the lower than 
by the upper half. This certainly was not always the 
case ; for in some of the spikes no difference could be 
detected between them ; in others there were more cap- 
sules in the lower, while in otliers there were more in 
the upper half. A spike of 0. pyramidalis examined 
in the same miinner produced twice as many capsules 
in the upper as in the lower half. Bearing in mind 
these facts and others before given, it appears to me 
incredible that the same insect should go on visiting 
flowar after flower of these Orchids, although it never 
obtains any nectar. Insects, or at least bees, are by 
no means destitute of intelligence. They recognise 
from a distance the flowers of the same species, and 
keep to them as long as they can. When humble- 
bees have bitten holes through the corolla, as they 
often do, so as to reach the nectar more easily, hive- 
bees immediately perceive what has been done and 
take advantage of the perforations. When flowers 
having more than a single nectary are visited by many 
bees, so that the nectar is exhausted in most of them, 
the bees which afterwards visit such flowers insert 
their proboscides only into one of the nectaries, and 
if they find this exhausted, they instantly pass on to 
another flower. Can it be believed that bees which 
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show this much intelligence, should persevere in 
visiting flower after tlower of the above-named Orchida, 
and in keeping their proboacides in constant movement 
for some time within the nectaries, in the hope of 
obtaining nectar which is never present? This, aa I 
have said, aeema to me utterly incredible- 
It haA been shown how numerous and beautiful are 
the contrivances tor the fertilisation of Orchids. We 
know that it is of the highest importance that the 
pollinia, when attached to the head or proboscis of an 
insect, should be fixed symmetrically, so aa not to fall 
either sideways or backwards. AVe know that in the 
Bpecies aa yet described the viscid matter of the disc 
seta hard in a few minutes when exposed to the air, 
so that it would be a great advantage to the plant if 
insects were delayed in sucking the nectar, time being 
thus allowed for the disc to become immovably affixed, 
It ia manifest that insects must be delayed by having 
to bore through several points of the inner membrane 
of the nectary, and to suck the nectar from the inter- 
cellular spaces ; and we can thus understand why the 
nectaries of the above-named species of Orchis do not 
contain free nectar, but secrete it internally between 
the two membranes. 

The following singular relation supports this view 
in a striking manner. I have found free nectar within 
the nectaries of only five British species of Ophrete, 
namely, in Gymnadenia conopsea and alhida, in 
Sabeaaria hifdia and eMorantha, and in Peristylus (or 
HcAenaria) viridis. The first four of these species have 
the viscid surfaces of the discs of their pollinia naked 
or not enclosed within pouches, and the viscid matter 
does not rapidly set hard when exposed to the air, aa if 
it did, it would immediately have been rendered use- 
leas; and this shows that it must dilTer in chemical 
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nature from that in the foregoing species of Orchia. 
But to make sure of this fact I removed the pollinia 
from their anther-cells, so that the upper as well as the 
under surfaces of the viscid discs were freely exposed 
to the air ; in Gyvmadenia conopsea the disc remained 
sticky for two houis, and in Hahexaria chloranika for 
more than twenty-four hours. In Peristylus viridis the 
viscid disc is covered by a pouch-formed membrane, 
hut this is so minute that botanists have overlooked 
it. I did not, when examining this species, see the 
importance of ascertaining exactly how soon the 
viscid matter set hard ; but I copy from my notes 
the words written at the time : " disc remains sticky 
for some time when removed from its little pouch." 

Now the meaning of these facts is clear : as the 
viscid matter of the discs of these five latter species is 
so adhesive that it serves to attach the pollinia firmly 
to the insects which visit the flowers, without setting 
hard, there would be no use in the insects being 
delayed by having to bora holes at several points 
through the inner membrane of the nectaries ; and in 
these five species, and in these alone, we find copious 
nectar ready stored for rapid suction in open nectaries. 
On the otlier hand, whenever the viscid matter sets 
hard by exposure for a short time to the air, it would 
manifestly be advantageous to the plant, if insects 
were delayed in obtaining the nectar ; and in all such 
species the nectar is lodged within intercellular spaces, 
so that it can be obtained only by the inner mem- 
brane being penetrated at several points, and this will 
require time. / If this double relation is accidental, 
it is a fortunate accident far the plants ; but I cannot 
believe it to be so, and it appears to me one of the 
most wonderful cases of adaptation which has ever 
been recorded. 
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Ply Bnd Spider OphiyB — Ben Oplirya, sppurentlf adapted for perpetruJ 
aelf-fertiliittitLOii, but with paradoxical oniitrivSiOGee foi interarossiog 
— HeruiiDium nuraorclits, attftcliDieut of Iho pollinia to the front legt 
of inaectB — PemtyhiH viridiB, fertilitstioH iiidiivotl; dTeoted by neciac 
secreted from Ihrco ports of the label Imn—Oymiui den ia oonopitea, 
and otiier upeoiea — Habiiiiarla or Platantbeia chlorantha itrid 
bifolla, tbeii pultiuia attiuhed to tlie eyen of Ltpidopteca — Other 
apeoiea of Habenaiia — Bonatea — Disa— Summary on the powera of 
movement in the polling.. 

The genus Ophrys differs from Orchia chiefly in 
having separate pouch-formed rostella,' instead of 
the two being confluent. 

In Ophrt/s muscifera, or the Fly Oplirys, the chief 
peculiarity is that the caudicle of the poUiniuni 
(B, fig. 5) is doubly bent. The nearly eircolar piece 
of membrane, to the under side of which the ball of 
viscid matter adheres, is of considerable size, and forms 
the summit of the rostellum. It is thus freely exposed 
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fold of roembmoe (sea B in fig. J) 
prujeoting between th" basea of 
the anther-Diiils. This folded 
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to the air, instead of lying almost hidden at the base of 
the anther, as in Orchis, and thus kept damp. Neyet- 
theless, when a polliniiim is remove*!, the oaudicle 
bends downwards in the course of about six minutes, 
and, therefore, at an unusually slow rate ; the upper 

Fig- 5. 




OpuKva 

a, anther. >■ stigma. 

r,r, rostolla. (. Isbellmn. 

A. Hower viewed in froDt: thetwo 
upper pelnl^ are HJmOBt cjlia- 
drical and hairy : the two tea- 
tellBBtsnd a little in nd' 



end still remaining curved. I formerly thought that 
it was incapable of any movement, but have been con- 
vinced by Mr. T. H. Farrcr of my error. The hall of 
viscid matter is bathed in fluid within the pouch formed 
by the lower half of the roatellum, and this is ueceaaary, 
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OS the viscid matter quickly sets hard when exposed lo 
the air. The pouch is not elastic, and does not spring 
up when the poUinium is removed. Such elasticity 
would have been useless, as there is here a separate 
pouch for each viscid disc ; whereas in Orchis, after 
one pollinium has been removed, the other has to 
be kept covered up and ready for action. Hence it 
appears that nature had been so economical as to save 
even superfluous elasticity. 

The pollinia cannot, as I have often proved, be shaken 
out of the anther-cells. That insects of some kind 
visit the flowers, though not frequently, and remove 
the pollinia, is certain, as we shall immediately see. 
Twice I have found abundant pollen on the stigmas of 
flowers, in which both pollinia were still in their cells ; 
and no doubt this might have been much oftener ob- 
served. The elongated labellum affords a good landing- 
place for insects ; at its base, just beneath the stigma, 
there is a rather deep depression, representing the 
nectary in Orchis ; but 1 could never see a trace of 
nectar within it ; nor have I ever observed any insecta 
approach these inconspicuous and scentless flowers, often 
as I have watched them. There is, however, on each side 
of the base of the labellum a small shining projection, 
having an almost metallic lustre, which appears curi- 
ously like a drop of fluid or nectar ; and as these flowers 
are only visited occasionally by insects, Sprengel'a view 
of the existence of sham -nectaries is far more probable 
in this case than in any other known to me. On 
several occasions I have detected minute punctures in 
these protuberances, but I was not able to decide whether 
they had been made by insects, or whether superficial 
cells bad spontaneously burst. Similar shining pro- 
tuberances are present on the labella of all the other 
species of Ophrys. The two rostella stand not far 
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apart, and project over the stigma ; and if any object 
is gently pushed against one of them, the pouch ia 
depressed and the viscid ball together with the pol- 
lininm adheres to it and is easily removed. 

The structure of the flower leads me to believe that 
small insects (as we shall see in the case of Listera) 
crawl up the labellum to its base, and that in bending 
their heads downwards, so as to puncture antl suck, or 
only to examine one of the small shining protuberances, 
they push against the pouch, and a pollinium ia attached 
to their heads ; they then fly to another flower, and 
there bending down in a similar manner, the attached 
and doubly-bent pollinium, after the movement of 
depression, strikes the sticky stigmatic surface, 'and 
leaves pollen on it. Under the next species wo shall 
see reason for believing that the natural double cur- 
vature of the caudicle compensates for its slight power 
of movement, compared with that in all the species of 
Orchis. 
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That insL'C-ts visit the Howers of the Fly Ofihrya 
and remove the pollinia, though not eS^ectually orsuffi- 
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ciently, the following cases show. During seveial 
years before 1858 I occasionally examined some flowers, 
and found that only thirteen out of 102 had one or 
both poUinia removed. Although at the time I re- 
corded in my notes that most of the flowers were 
partly withered, I now think that I must have included 
many young flowers, which might perhaps have been 
subsequently visited ; so I prefer trusting to the fol- 
lowing observations. 

We here see that, out of 207 flowers examined) not 
half had been visited by insects. Of the eighty-eight 
flowers visited, thirty-one had only one pollinium re- 
moved. As the visits of insects are indispensable for 
the fertilisation of this Orchid, it is surprising (as in 
the ease of Orchis fusea) that the flowers have not been 
rendered more attractive to insects. The number of 
seed-capsules produced is proportionably even less than 
the number of flowers visited by inaecta. The year 
1861 was extraordinarily favourable to this species in 
this part of Kent, and I never saw such numbers 
in flower; accordingly I marked eleven plants, which 
bore forty-nine flowers, but these produced only seven 
capsules. Two of the plants each bore two capsules, 
and three other plants eacli bore one, so that no less 
than six plants did not produce a single capsule ! 
What are we to conclude from these facts ? Are the 
conditions of life unfavourable to this species, though 
during the year just alluded to it was so numerous in 
some places as to deserve to be called quite common ? 
Could the plant nourish more seed ; and would it be of 
any advantage to it to produce more seed ? Why does 
it produce so many flowers, if it already produces a 
sufficiency of seeds ? Something seems to be out of 
order in its mechanism or in its conditions. We shall 
presently see that Oplvrys apifera or the Bee Optirys 
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presents a wonderful contrast in every flower producing 
a capsule. 

Ophrys aranifera, or the Spider Ophrya. — I am in- 
debted to Mr. Oxenden fur some spikes of this rare 
Fig. 6. species. Whilst the pollinia 

remain enclosed within their 
' cells, the lower part of the cau- 
dicle projects up in a straight 
line from the viscid disc, and 
therefore has a very different 
form from the corresponding 
part of the caudiclo of 0. vius- 
-t of ci/era ; hut the upper part (A, 
■t of fig- 6) is a little bent forward, 
that is, towards the labeliuju. 
The point of attachment of the caadicle to the disc 
is hidden within the bases of the anther-cells, and 
is thus kept damp ; consequently, as soon as the 
pollinia are exposed to the air, the usual movement of 
depression takes place, and they sweep through an 
angle of about ninety degrees. By thia movement 
they assume, supposing them to be attached to an 
insect's head, a position exactly adapted for striking 
the stigmatic surface, which is situated, relatively to 
the poQch-formed rostella, rather lower down in the 
flower than in the Fly Ophrys. 

I examined fourteen flowers of the Spider Ophrys, 
several of which were partly withered; and in none 
were both pollinia, and in three alone was one pollinium 
removed. Hence this species, like the Fly Ophrys, 
is but little visited by insects in England. In parts 
of Italy it is even less visited, for Delpino states" 
that in I^iguria hardly one flower out of 3000 sets a 
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capsule, though near Florence rather more capsules 
are produced. The labellum does not secrete any 
nectar. The flowers, however, must be occaaionally 
visited and fertilised by insects, for Delpino found" 
pollen-masses on the stigmas of some flowers which 
still retained both their own polUnia, 

The anther-cells are remarkably open, so that with 
some plants which were sent me in a box, two pair 
of pollinia fell out, and stuck by their viscid discs 
to the petals. Here we have an instance of the first 
appearance of a trifling structure which is of not the 
least use to its possessor, but becomes whttn a little 
more developed, highly beneficial to a closely-allied 
species ; for although the open state of the anther-cells 
is useless to the Spider Ophtys, it is of the highest 
importance, as we shall presently see, to the Bee 
Ophrys. The flexure of the upper end of the caudicle 
of the poUinium is of service to the Spider and Fly 
Ophrys, by aiding the pollen-masses, when carried by 
insects to another flower, to strike the stigma ; but by 
an increase of this bend together with increased flexi- 
bility in the Bee Ophrys, the pollinia become adapted 
for the widely different purpose of self-fertilisation. 

Ophrys arachnites. — This form, of which Mr. Oxenden 
sent me several living specimens, is pj,^ y, 
considered by some botanists as only a 
variety of the Bee Ophrys, by others as a 
distinct species. The anther-cells do not 
stand so high above the stigma, and do 
not overhang it so much, as in the Bee 
Ophrys, and the pollen masses are more poiitnium of 
elongated. The caudicle is only two- '■'ph'-nsarachniti 
thirds, or even only half as long as that of the Bee 
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OphryB, and la much more rigid ; the upper part is 
naturally curved forward ; the lower part undergoea 
the usual movement of depreaaion, when the pollinia 
are removed from their cells. The pollen-masses 
never fall spontaneoualy out of their cells. This plant, 
therefore, difl'ers in every important respect from 0, 
api/era, and seems to be much more closely allied to 
0. «r«mferc. 

Ophrys teolopax of Cavanilles.— -This form inhabits 
the north of Italy and the south of France. Mr. 
Moggritlge aays* that at Mentone it never shows any 
tendency to fertilise itself, whilst at Cannes the pollen- 
masses naturally fall out of their cells and strike the 
stigma. He adds : " This material difference between 
the two is accomplished by a very slight bend in the 
anther-cells, which are prolonged into a beak of variable 
length, in the case of the self-fertilising blossoms." 

Ophrys api/era,— The Bee Ophrys differs widely 
from the great majority of Orchids in being excellently 
constructed for fertilising itself. The two pouch -formed 
rostella, the viscid discs, and the position of the stigma, 
are nearly the same as in tLe other species of Ophrys ; 
but the distance of the two pouches from each other, 
and the shape of the pollen-masses are somewhat 
variable.t The caudicles of the pollinia are remark- 
ably long, thin, and flexible, instead of being, as 
in all the other Ophreffl seen by me, rigid enough 
to stand upright. They are necessarily curved 
forward at their upper ends, owing to the shape of 
the anther-cells ; and the pear-shaped pollen-masses 
tie embedded high above and directly over the 

* ' Jcnun. Liun. 600,' vol. viii. aynunelrk'ally confluent as in llio 

18B5, p. 2S8. genoB Orobia, and with the two 

t I ancL- fnund u Biiiglo Hower viBoid liiwa likuwite CDnHiient, in 

on the snniruit of a Bjiikc. with in OrehU pyramidaiia or /lirofno. 
the t«D roalella as Potu|jleti;Jv and 
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Btdgmii. The anther-cells naturally open soon aftei 
the flower is fully expanded, and the thick ends of 
the pollen-masses then fall out, the viacid discs still 
remaining in their pouches. Slight as is the weight 
of the pollen -masaea, yet the candicles are so thin Jind 
quickly become so flexible, that in the course of a few 
hours they sink down, until they hang freely in the air 
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(see lower pollen-mass in fig. A) exactly opposite to 
and in front of the stigmatic surface. In this position 
a breath of nir, acting on the expanded petals, sets 
the flexible and elastic caudiclea vibrating, and they 
almost immediately strike the viscid stigma, and, 
being there secured, impregnation is efiected. To 
make sure that no other aid was requisite, though 
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the experiment was superdnons, I coTered up a plant 
under a net, so that the wind, but no insects, could 
pass in, and in a few days the pollinia became attached 
to the stigmas. But the pollinia of a spike kept in 
water in a still room remained free, suspended in front 
of the stigma, until the flowers withered. 

Bobert Brown first observed that the structure of the 
Bee Ophrys is adapted for self-fertilisation.' When 
we consider the unusual and perfectly-adapted length, 
as well as the remarkable flexibility of the caudicles ; 
when we see that the anther-oells Daturally open, and 
that the masses of pollen, from their weight, slowly 
fall down to the exact level of the stigmatic surface, 
and are there made to vibrate by the slightest breath 
of wind until the stigma is stmck ; it is impossible 
to doubt that these several points of structure and 
function, which occur in no other British Orchid, are 
specially adapted for self- fertilisation. 

The result is what might have been anticipated. 1 
have often noticed that the spikes of the Bee Ophrys 
apparently produced as many seed-capsules as flowers; 
and near Torquay I carefully examined many dozen 
plants, some time after the flowering season ; and on 
all I found from one to four, and occasionally five, 
fine capsules, that is, as many capsules as there had 
been flowers. In extremely few cases, with the excep- 
tion of a few deformities, generally on the summit of 
the spike, could a flower be found which had not pro- 
duced a capsule. Let it be observed what a contrast 
this species presents with the Fly Ophrys, which 
requires insect aid for its fertilisation, and which from 
forty-nine flowers produced only seven capsules! 

* ' TriinsaFt. Linn. Foe.' vol. commoii to the genus. As Tei M 
xvi. p. 740. Bruwn trrOTioiULuty the font Britisli Bptoias Bre cor- 
believed tli>t thla peculiuity whs oemed,il applies to tbuoneBlone. 
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From what I had then seen of other Orchids, I 
was BO much surprised at the self-fertilisation of thia 
species, that I examined during many years, and asked 
others to examine, the state of the pollen-masses in 
many hundreds of flowers, collected in viirious parts of 
England. The particulars are not worth detailing; 
but I may give as an instance, that Mr. Farrer 
found in Surrey that not one flower out of 106 
had lost both pollinia, and that only three had lost 
a single one. In the Isle of Wight, Mr. More 
examined 136 flowers, and of these the very unusual 
number of ten had lost both, and fourteen had lost 
one ; but then he found that in eleven cases the 
caudicles had been gnawed through apparently by 
snails, the discs still remaining in their pouches; so 
that the pollinia had not been carried away by insects. 
In some few cases, also, in which I .found the pollinia 
removed, the petals were marked with the slime of 
snails. Nor must we forget that a blow from a 
passing animal, and possibly heavy storms of wind 
might occasionally cause the loss of one or both 
pollinia. 

During most years the pollen-masses of the many 
hundred flowers which were examined, adhered with 
the rarest exceptions to the stigma, with thek discs still 
enclosed within the pouches. But in the year 1868, 
from some cause the nature of which I cannot conjecture, 
out of 116 flowers gathered in two localities in Kent, 
Beventy-flve retained both pollinia in their cells ; ten 
had one poliinium, and only thirty-one had both 
adhering to the stigma. Long and often as I have 
watched plants of the Bee Ophrys, I have never seen 
one visited by any insect." Robert Brown imagined 
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thftt the flowera resembled bees in order to deter theii' 
Tiaita, but this seema extremely improbable. The 
flowera with their pink sepals do not resemble any 
British bee, and it is probably tme, as I have heard it 
said, that the plant received its name merely from the 
hairy labellnm being somewhat like the abdomen of a 
humble-bee. We see how fanciful many of the names 
are, — one species being called the Lizard and another 
the Frog Orchis. The resemblance of 0. muaoifera to 
a fly is very much closer than that of 0, apt/era to a 
bee ; and yet the fertilisation of the former absolutely 
depends on and is effected by the nieans of insects. 

All the foregoing observations relate to England, 
but Mr. Moggridge made similar ones on the Bee 
Ophrya in Northern Italy and Southern France, aa did 
Treviranua* in Germany, and Dr. Hooker in Morocco. 
We may therefore conclude, — from the pollinia spon- 
taneously falling on the atigma — from the co-related 
structure of all the parts for this purpose — and from 
almost all the flowera producing seed-capsules — that 
this plant has been specially adapted for self-fertiliBt^ 
tion. But there is another side to the case. 

When an object ia pushed against one of the 
pouches of the roatellum, the lip is depressed, and the 
large viscid disc adheres firmly to it; and when the 
object is removed, so is the pollinium, but perhaps 
not quite so readily as in the other species of 
Ophrys. Even after the pollen-masses have naturally 
fallen out of their cells on to the stigma, their removal 
can sometimes be thus effected. As soon aa the diao is 
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drawn out of its pouch a movement of depresaion 
commences, by which the pollinium if attached to 
the front of an insect's head would be brought into 
a proper position for striking the atigma. When a 
poUen-mass is placed on the stigma and then with- 
drawn, the elastic threads by which the packets are 
tied together break, and leave several packets on the 
viscid surface. In all other Orchids the meaning of 
these several contrivances is unmistakably clear — 
namely, the downward movement of the lip of the ros- 
tellum when gently pushed — the viscidity of the disc 
— the depression of the caudiele as soon as the disc 
is exposed to the air — the rupturing of the elastic 
threads— and the conspicuouaneas of the flower. Are 
we to believe that these adaptations for crosa-fertilisa- 
tion in the Bee Ophrys are absolutely purposeless, aa 
would certainly be the case if this species hag always 
been and will always be aelf-fertiliaed ? It is, however, 
just possible that insects, although they have never 
been seen to visit the flowers, may at rare intervals 
transport the pollinia from plant to plant, during such 
seasons as that of 1868, when the pollinia did not all 
fall out of the anther-cells so as to reach the atigmaa. 
The whole case is perplexing in an unjMtralleled degree, 
for we have in the same flower elaborate contrivances 
for directly opposed objects. 

That cross-fertilisation is beneficial to most Orchids, 
we may infer from the innumerable structures serving 
for this purpose which they present ; and I have 
elsewhere shown in the case of many other groups of 
plants • that the benefits thus derived are of high 
importance. On the other hand, self-fertilisation is 
manifestly advantageous in as far aa it ensures a full 

' The Effect* of Croea and Solf-FortiliBalion in 
EinKi^om,' 1876. 
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supply of seed; and we have seen with the other 
British species of Opflrye which cannot fertilise them- 
selves, how small a proportion of their flowers produce 
capsules. Judging therefore from the struetiire of 
the flowers of 0. apifera, it seems almost certain that 
at some former period they were adapted for cross- 
fertilisation, but that failing to produce a sufficiency 
of seed they hecame slightly modified so as to fertilise 
themselves. It is, however, remarkable on this view, 
that none of the parts in question show any tendency 
to abortion — that in the several and distant countries 
which the plant inhabits, the flowers are still con- 
spicuous, the discs still viscid, and the caudieles still 
retain the power of movement when the discs are ex- 
posed to the air. The metallic points at the base of 
the labellum are however smaller than in the other 
species ; and if these serve tu attract insects, this dif- 
ference is of some signification. As it can hardly be 
doubted that 0. apifera was at first constructed so as 
to be regularly cross-fertilised, it may be asked will it 
ever revert to its former state ; and if it does not so 
revert, will it become extinct? These questions cannot 
be answered, any more than in the case of those plants 
which are now propagated exclusively by buds, stolons, 
&c., but which produce flowers that rarely or never set 
any seed ; and there is reason to believe that a sexual 
propagation is closely analogous to long-continued 
self -fertilisation . 

Finally Mr. Moggridge has shown that in North 
Italy Ophri/s apifera, arani/era, arachnites, and ncolopaiC 
are connected by so many and such close intermediate 
links,* that all seem to form a single species in 

• TheBeforma arailluBtratodby ' Virhnndluiigen i3er Blalaeri, 

fieautifal coloured ilrawiuga in Leop. Car. Ahad.' (Nov. Act.), 
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accordance with tlie belief of Linneeus, who grouped 
them all together under the name of Opkrys insectifera. 
Mr. Moggridge further shows that in Italy 0. aranifera 
flowers first, and 0. api/era last, the intermediate 
forma at intermediate periods ; and according to Mr. 
Oxenden, the same fact holds good to a certain extent 
in Kent. The three forma which inhahit England do 
not seem to blend into one another as in Italy, and I 
am assured by Mr. Oxenden, who has closely attended 
to these plants in their native homes, that 0. aranifera 
and apifera always grow in. distinct spots. The case 
therefore is an interesting one, as here we have forms 
which may be and generally have been ranked as true 
species, but which in North Italy have not as yet been 
fully differentiated. The case is all the more interest- 
ing, as the intermediate forms can hardly be due to 
the crossing of 0. aranifera with apiftra ; this latter 
species being regularly self-fertilised and apparently 
never visited by insects. Whether we rank the several 
forms of Ophi-ys as closely allied species or as mere 
varieties of the same species, it is remarkable that 
they should differ in a character of such physiological 
importances as the flowers of some being plainly 
adapted for self-fertilisation, whilst the flowers of 
others are strictly adapted for cross-fertilisation, being 
utterly sterile it' not visited by insects. 

fferminium monorekis. — The Musk Orchis, which ia 
a rare British plant, is generally spoken of as having 
naked glands or discs, but this is not strictly correct. 
The disc is of unusual size, nearly equalling the mass 
of pollen-grains : it is subtri angular, with one side pro- 
tuberant, and somewhat resembles a distorted helmet 
in shape ; it is formed of hard tissue with the base 
hollowed out, and viscid ; the base resting on and 
being covered by a narrow strip of membrane, which is 
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easily pushed awiiy, and answers to the pouch in 
Orchis. The whole upper part of the helmet answers 
to the minute oval bit of membrane to which the 
caudicle of Orchis is attached and which in Ophrys 
is larger and convex. When the lower part of the 
helmet is moved by any pointed object, the point 
readily slips into its hollow base, and is there held so 
firmly by the viscid matter, that the whole helmet 
appears adapted to stick to some prominent part of an 
insect's body. The caudicle is short and very elastic ; 
it is attached not to the apex of the helmet, but to the 
hinder end ; if it had been attached to the apex, the 
point of attachment would have been freely exposed to 
the air and not kept damp ; and then the pulliniuin 
when removed from its cell would not have been 
quickly depressed. 

This movement is well marked, and serves to bring 
the end of the pollen-maes into a proper position for 
striking the stigma. The two viscid diacs stand wide 
apart. There are two ti'ansverse stigmatic surfaces, 
meeting by their points in the middle ; but the broad 
part of each lies directly beneath each disc. The 
labellum is remarkable from not differing much in 
shape from the two upper petals,, and from not always 
occupying the same position in reference to the axis 
of the plant, owing to the ovarium being more or less 
twisted. This state of the labelluin is intelligible, for 
as we shall see, it does not serve as a landing-place for 
insects. It is upturned, and together with the two 
other petab makes the whole flower in some degree 
tubular. At its base there is a hollow so deep as 
almost to deserve to be called a nectary ; but I could 
not perceive any nectar, which, as I believe, remains 
enclosed in the intercellular spaces. The flowera are 
very small and inconspicuous, but emit a strong honey- 
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like odour. They seem tigUy attractive to insects ; in 
a spike with only seven flowers recently open, four had 
both pollinia, and one had a single pollinium removed. 
When the first edition of this book appeared I did 
not know how the flowera were fertilised, but my son 
George has made out the whole process, which is 
extremely curious and differs from that in any other 
Orchid known to me. He saw various minute insects 
entering the flowers, and brought home no less than 
twenty-seven specimens with pollinia (generally with 
only one, but sometimes with two) attached to them. 
These insects consisted of minute Hymenoptera (of 
which Teirastickus diaphantus was the commonest), 
of Diptera and Coleoptera, the latter being Malthodes 
hrenicdUis. The one indispensable point appears to 
be that the insect should be of very small size, the 
largest being only the -jJ^r of an inch in length. The 
pollinia were always attached to the same place, 
namely, to the outer surface of the femur of one of the 
&ont legs, and generally to the projection formed by 
the articulation of the femur with the coxa. The 
cause of this peculiar mode of attaclmient is suffici- 
ently clear : the middle part of the labellum stands so 
close to the anther and stigma, that insects always enter 
the flower at one corner, between the edge of the 
labellum and one of the upper petals; they also almost 
always crawl in with their backs turned directly or ' 
obliquely towards the labellum. My son saw several 
which began to crawl into the flowers in a different 
position; but they came out and changed their posi- 
tion. Standing in either comer of the flower, with 
their backs turned towards the labellum, they insert 
their heads and fore legs into the short nectary, whiuh 
is seated between the two widely separated viscid discs. 
I ascertained that they bad occupied this position by 
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finding three dead inaecta, permanently glued to the 
discs. Whilst sucking the nectar, which takes two or 
three minutes, the projecting joint of the femur stands 
under the large helmet-like viscid disc on either aide ; 
and when the insect retreats, the disc exactly fits on 
and is glued to the prominent joint, or to the surface 
of the femur. The movemeat of depression in the 
caudicle now takes place, and the mass of pollen-grains 
then projects just beyond the tibia ; so that the insect, 
when entering another flower, can hardly fail to ferti- 
lise the stigma, which is situated directly beneath the 
I disc on either aide. 

Fig. 9. 




Peri^ylus viridis.- — This plant, which bears the odd 
name of the Frog Orchis, has been placed by many 
botanists in the genus Habcnaria or Piatanthera; bul 
as the discs are not naked, it is doubtful whether this 
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classification can be correct. The roatella are amaU 
and widely separated from each other. The viscid 
matter on the under side of the disc forms an oval ball 
which is enclosed within a small pouch. The upper 
membrane to which the caudicle is attached is of large 
size relatively to the whole disc, and is freely exposed 
to the air. Hence probably it is that the pollinia when 
removed from their cases do not become depressed 
until, as Mr. T. H. Farrer has observed, twenty or 
thirty minutes have elapsed. Owing to this long 
interval, I formerly thought that they did not undergo 
any movement of depression. Supposing a pollinium 
to be attached to tbe head of an insect, and to have 
become depressed, it will stand at the proper angle, 
vertically, for striking the stigma. Bat from the 
lateral position of the anther-cells, notwithstanding 
that they converge a little towards their upper ends, 
it is difficult at first to see how the pollinia when 
removed by insects are afterwards placed on the 
stigma ; for this is of small size and is situated in the 
middle of the flower between the two widely separated 
rostella. 

Tbe explanation is, I believe, as follows. The base 
of the elongated labellum forma a rather deep hollow 
in front of the stigma, and in this hollow, but some way 
in advance of the stigma, a minute aUt-like orifice (n) 
leads into a short bilobed nectary. Hence an insect, ■ 
in order to suck the nectar with which the nectary is 
filled, would have to bend down its head in front of 
the stigma. Tbe labellum has a medial ridge, which 
would probably induce an insect first to alight on 
either side ; but, apparently to make sure of this, 
besides the true nectary, there are two spots (n'n) which 
secrete drops of nectar on each side at tbe base of 
tho labellum, bordered by prominent edges, directly 



64 



Chap, a 



beneath the two poaches. Kow let us suppose an insect 
to alight on one side of the labellum so aa first to lick 
up the exposed drop of nectar on this side ; from the 
position of the pouch exactly over the drop, it would 
almost certainly get the pollinium of this side attached 
to its head. If it were now to go to the mouth of the 
tnie nectary, the pollinium attached to its head from 
not having as yet become depressed would not touch 
the stigma ; so that there would be no self-fertilisation. 
The insect would then probably suck the exposed drop 
of nectar on the other side of the labellum, and wonld 
perhaps get another pollinium attached to its head ; it 
would thus be considerably delayed by having to visit 
the three nectaries. It would then visit other flowers 
on the same plant, and afterwards flowers on a distinct 
plant ; and by this time, but not before, the poUinia 
will have undergone the movement of depression and 
will be in a proper position for effecting cross-fertilisa- 
tion. It thus appears that the secretion of nectar at 
three separate points of the labellum, — the wide dis- 
tance apart of the two rostella, — and the slow down- 
ward movement of the caudicle without any lateral 
movement — are all correlated for the same purpose of 
cross-f ertUi sation . 

To what extent this Orchis is frequented by insects, 
and what the kinds are, I do not know, hut several of 
the flowers on two spikes, sent me by the Rev. B. S. 
Maiden, had a single pollinium removed, and one 
flower had both removed. 



We now come to two genera, namely, Gymnadenia 
and Habenaria or Platanthera, including four British 
species, which have uncovered viscid discs. The viscid 
matter, as before remarked, is of a somewhat different 
nature from that in Orchis, Ophrya, &c., and does not 
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rapidly set hard. Their necteries are stored with free 
nectar. With respect to the uncovered condition of 
the discs, the last species, or Peristylua viridia, is in 
an almost intermediate condition. The four following 
species compose a much broken aeries. In Oymna- 
denia conopsea the vicid discs are narrow and much 
elongated, and lie close together ; in G. i^ldda they 
are less elongated, but stUI approximate ; in Sahena/ria 
hifolia they are oval and far apart ; and, lastly, in E. 
i-hlorantha they are circular and much farther apart. 

Gymnadenia conopsea. — In general appearance this 
plant resembles pretty closely a true Orchis. The 
pollioia differ in having naked, narrow, strap-ahaped 




discs, which are as long as the caudicles (fig. 10). 
When the pollinia are exposed to the air the caudicle 
is depressed in from thirty to sixty seconds ; and as 
the posterior surface of the caudicle is slightly hol- 
lowed out, it closely clasps the upper membranous 
surface of the disc. The mechanism of this movement 
will be described in the last chapter. The elastic 
threads by which the packets of pollen are bound to- 
gether are unusually weak, as is likewise the case with 
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the two foUo^viDg species of Habenaria : this was well 
shown by the state of specinieiis which had been kept 
in spirits of wine. This weakness apparently stands in 
relation to the viscid matter of the discs not setting 
hard and dry as in Orchis ; so that a moth with a 
poUinium attached to its proboscis might be enabled to 
visit several flowers without having the whole polli- 
nium dragged off by the first stigma which was struck. 
The two strap-shaped discs lie close together, and form 
the arched roof of the entrance into the nectary. 
They are not protected, as in Orchis, by a lower lip or 
poach, BO tliat the structure of the rostellum is simpler. 
When we come to treat of the homologies of the ros- 
tellum we shall see that this difference is due to a 
small change, namely, to the lower and exterior cells 
of the rostellum resolving themselves into viscid 
matter ; whereas in Orchis the exterior surface retains 
its early cellular or membranous condition. 

As the two viscid discs form the roof of the mouth of 
the nectary, and are thus brought down near to the 
labellum, the two stigmas, instead of being confluent 
and standing beneath the rostellum, as in most of 
the species of Orchis, are lateral and separate. These 
stigmas consist of protuberant, almost horn-shaped, 
processes on each side of the nectary. That their 
surfaces are really stigmatic I ascertained by finding 
them deeply penetrated by a multitude of pollen- 
tubes. As in the case of Orchis pijramidalis, it is a 
pretty experiment to push a fine bristle straight into 
the narrow mouth of the nectary, and to observe how 
certainly the narrow elong;ated viscid discs, forming 
the roof, stick to the bristle. When the bristle is 
withdrawn, the pollinia adhering to its upper side 
are withdrawn ; and as the discs form the sides of 
the arched roof, they adhere somewhat to the sides 
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of tte bristle. They tlien quickly become depressed so 
as to lie in the same line with the bristle, — one a little 
on one side, and the other on the other side; and if 
the bristle, held in the same relative position, be now 
inserted into the nectary of another flower, the two 
ends of the pollinia accurately strike the two protu- 
berant stigmatic surfaces, situated on each side of the 
month of the nectary. 

The flowers smell sweet, and the abundant nectar 
always contained in their nectaries seems highly 
attractive to Lepidoptera, for the pollinia are soon and 
effectually removed. For instance, in a spike with 
forty-five open flowers, forty-one had their pollinia 
removed, or had pollen left on their stigmas : in 
another spike with fifty-four flowers, thirty-seven had 
both pollinia, and fifteen had one pollininm, removed ; 
BO that only two flowers in the whole spike had neither 
pollininm removed. 

My son George went at night to a bank where 
this species grows plentifally, and soon caught Plusia 
chrt/attis with six pollinia, P. gamma with three, Anaitis 
■plagiaia with five, and Trichoma pronvha with seven 
pollinia attached to their proboscides. I may add 
that he also eanght the first-named moth in my 
flower-garden, with the pollinia of this Orchis attached 
to its proboscis, but with all the pollen-grains removed, 
although the garden is a quarter of a mile distant from 
any spot where the plant grows. Many of the above 
moths had only a single pollininm attached, somewhat 
laterally to their proboscides; and this would happen 
in every case, unless the moth stood directly in front 
of the nectary and inserted it proboscis exactly be- 
tween the two discs. But as the labellum is rather 
broad and flat, with no guiding ridges like those on 
the labellum of Orchis pyramidcJis, th'ire is nothing to 
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compel moths to insert tlieir probosci<le8 symmetrically 
into the nectary, and there would be no advantage in 
their doing bo, 

Oymnadenia cdbida. — The structure of the flower of 
this species resembles in most respects that of the 
last ; but, owing to the upturning of the labellum, it 
is rendered almost tubular. The naked elongated 
discs are minute and approximate. The atigmatic sur- 
faces are partially lateral and divergent. The nectary 
is short, and full of nectar. Small as the flowers are, 
they seem highly attractive to insects : of the eighteen 
lower flowers on one apiko, ten had both, and seven 
had one pollinium removed ; on some older spikes all 
the pollinia had been removed, except from two or 
three of the uppermost flowers. 

Oymnadenia odoraiismna is an inhabitant of the 
Alpa, and is said by Dr. H. MuUer" to resemble in 
all the above characters 0. conofsea. As the flowers, 
which are pale coloured and highly perfumed, are not 
visited by butterflies, he believes that they are fertilised 
exclusively by moths. The North American (?. tri- 
dentata, described by Professor Asa Gray.f diflers in an 
important manner from the foregoing species. The 
anther opens in the bud, and the pollen-grains, which 
in the British species are tied together by very weak 
threads, are here much more incoherent, and some in- 
variably fall on the two stigmas and on the naked 
oellidar tip of the rostellum ; and this latter part, 
strange to say, is penetrated by the pollen-tubes. The 
flowers are thus self-fertiliaed. Nevertheless, as Pro- 
fessor Gray adds, " all the arrangements for the removal 
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of the poUiiiia by inaecta, including the tnovement of 
depression, are aa perfect as in the species which 
depend upon insect aid." Hence there can be little 
doubt that this species is occasionally cross-fertilised. 
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Haienaria or Platanthera chlorantka. — The pollinia 
of the Large Butterfly Orahis differ considerably from 
those of any species hitherto mentioned. The two 
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ftnther-cells are aeparated from each other by a wide 
space of connective membrane, and the pollinia are 
enclosed in a backward sloping position (fig. 11). The 
yiacid discs front each other, and stand in advanoe of 
the stigmatic surface. In consequence of their forward 
position, the caudicles and poUen-maasea are mnch 
elongated. Each viscid disc is circular, and, in the 
early bud, consists of a mass of cells, of which the 
exterior layers (answering to the lip or pouch in 
Orchis) resolve themselves into adhesive matter. This 
matter has the property of remaining adhesive for at 
least twenty-four hours after the pollinium has been 
removed from its cell. The disc, externally covered 
with a thick layer of adhesive matter (see fig. C, 
which stands so that the layer of viscid matter is below) 
is produced on its opposite and embedded side into 
a short drum-like pedicel. This pedicel is continuous 
with the membranous portion of tlie disc and is formed 
of the same tissue. The caudicle of the pollinium is 
attached in a transverse direction to the embedded end 
of the pedicel, and its extremity is prolonged, as a bent 
rudimentary tail, just beyond the drum. The caudicle 
is thus united to the viscid disc in a very different 
manner, and in a plane at right angles, to what occurs 
in the other British Orchids. In the short drum- 
like pedicel, we have a small development of the long 
pedicel of the rostellum, which is so conspicuous in 
many Vandeie, and which connects the viscid disc with 
the true caudicles of the pollinia. 

The drum-like pedicel is of the highest importance, 
not only by rendering the viscid disc more prominent 
and more likely to stick to the face of an insect whilst 
inserting its proboscis into the nectary beneath the 
Btigma, but on account of its power of contraction. 
The pollinia lie inclined backwards in their cells (see 
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6g. A), above and some way on each side of the stig- 
matic surface ; if attached in this position to the head 
of an iusect, the insect might visit any number of 
flowers, and no pollen would be left on the stigma. 
But observe what takes place : in a few seconds after fJie 
inner end of the drum-like pedicel has been removed 
from its embedded position and expoaed to the air, one 
side of the drum contracts, and this contraction draws 
the thick end of the poUinium inwards, so that the 
caudicle and the viscid surface of the disc are no longer 
parallel, as they were at first, and as they are repre- 
sented in the section, fig. C. At the same time the 
drum rotates through nearly a quarter of a circle, and 
this moves the caudicle downwards, like the hand of 
a clock, depressing the thick end of the poUinium or 
mass of pollen-grains. Let us suppose the right-hand 
disc to be afiSxed to the right side of an insect's faoe, 
and by the time required for the insect to visit 
another flower on another plant, the pollen -bearing 
end of the poUinium will have moved downwards 
and inwards, and will now infallibly strike the viscid 
surface of the stigma, situated in the middle of the 
flower beneath and between tho two anther-cells. 

The little rudimentary tail of the caudicle projecting 
beyond the drum-like pedicel is an interesting point 
to those who believe in the modification of species j 
for it shows us that the disc has been carried a little 
inwards, and that primordially the two discs stood even 
still further in advance of the stigma than they do 
at present. We thus learn that the parent-form ap- 
proached in this respect the structure of that extra- 
ordinary Orchid, the Bonalea speciom of the Cape of 
Good Hope. 

The remarkable length of the nectary, containing 
much free nectar, the white coloui of the corspicuous 
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flowers, and the strong sweet odour emitted by them at 
night, all show tnat this plant depends for its fertilisa- 
tion on the larger nocturnal Lepidoptera. I have 
often found spikes with almost all the pollinia removed. 
From the lateral position and distance of the two 
viscid discs from each other, the same moth would 
generally remove only one poUinium at a time ; and 
in a spike which had not as yet been ranch visited, 
three flowers had both pollinia, and eight flowers had 
only one polliniiim removed. From the position of 
the discs it might have been anticipated that they 
would adhere to the side of the head or face of moths ; 
and Mr. F. Bond sent me a specimen of Sadena dentma 
with one eye covered and blinded by a disc, and a 
specimen of FlvMa v. aureum with a disc attached to 
the edge of the eye. Mr. Marsha]!* collected twenty 
specimens of Oucullia umbraiiGa on an island in Der- 
wentwater, separated by half-a-mile of water from any 
spot where S. cMorantha grew ; nevertheless, seven of 
these moths had the pollinia of this Orchid affixed to 
their eyes. Although the discs arc so adiiesive that 
almost all the pollinia in a bunch of flowers which was 
carried in my hand and thus shaken were removed 
by adhering to the petals or sepals, yet it is certain 
that moths, probably the smaller species, often visit 
these flowers without removing the pollinia ; for on 
examining the discs of a large number of pollinia 
whilst still in their cells I found minute Lepido- 
pterous scales glued to them. 

The cause of the flowers of various kinds of Orchids 
being constructed so that the pollinia are always 
afS^ed to the eyes or proboscides of Lepidoptera, and 
to the naked foreheads or proboscides of flymenoptera, 
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no donbt ia that the viscid discs cannot adhere to 
a scaly or very hairy surface; the scales themselyes 
being easily detached. Variations in the structure of 
the flower of an Orchid, unless they led to the viscid 
discs touching some part of the body of an insect 
where they would remain flrmly attached, would be of 
no service, but an injury to the plant ; and consequently 
such variations would not be preserved and perfected, 

ScAenaria tnfolia, or Leaser Butterfiy Orchis. — I am 
aware that this form and the last are considered by 
Mr. Bentham and by some other botanists as mere 
varieties of one another ; for it ia said that intermediate 
gradations in the position of the viscid discs occur. 
But we shall immediately see that the two forms 
differ in a large number of other characters, not to 
mention general aspect and the stations inhabited, with 
which we are not here concerned. Should these two 
forms he hereafter proved to graduate into each other, 
independently of hybridisation, it would be a remarkable 
case of variation ; and I, for one, should be as much 
pleased as surprised at the fact, for these two forms 
certainly differ from one another more than do most 
species belonging to the same genus. 

The viscid discs of the Lesser Butterfly Orchis are 
oval, and face each other. They stand far closer 
together than in the last species ; so much so, that in 
the bud, when their surfaces are cellular, they almost 
touch. They are'not placed so low down relatively to 
the month of the nectary. The viscid matter is of 
a somewhat different chemical nature, as shown by 
its much greater viscidity, if after having been long 
dried it is moistened, or after being kept in weak 
spirits of wine. The drum-like ()edicel can hardly be 
said to be present, but is represented by a longitudinal 
ridge, truncated at the end where the caudicle is 
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attached, and there is hardly a vestige of the rudi- 
mentary tail. In fig. 1*2 the discs of hoth species, 
Pj 13 of the proper proportional 

eizGB, are represonted as seen 
vertically from above. The 
pollinia, after removal from 
^^^^ their cells, undergo nearly the 

, "H; , same movements aa in the last 

cauiwlt of rr. chlo- . T 1_ ,L J- .1 

, seen From above, SpeCieS. In DOth lorms the 

!l?5"ij ''"" **^''*' movement ia well shown by 
of H. 6i- removing a pollinium by the 
ju.r., .^ .,u,„ uboTe. tl^i^.^. gjjj ^^-jjj g_ pair of pin- 
cers, and holding it under the microscope, when the 
plane of the viscid disc will be seen to move through 
an angle of at least forty-five degrees. The caudicles 
of the Lesser Butterfly Orchis are relatively very much 
shorter than in the other species; the little packets 
of pollen are shorter, whiter, and, in a mature flower, 
separate much more readily from one another. Lastly, 
the stigmatic surface is difi^erently shaped, being more 
plainly tripartite, with two lateral prominences, situ- 
ated beneath the viscid discs. These prominences 
contract the mouth of the nectary, making it sub- 
quadrangular. Hence I cannot doubt that the Larger 
and Lesser Butterfly Orchids are distinct species, 
masked by close external similarity.* 
As soon as I had examined the present species. 
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I felt convinced, from the position of the viscid discs, 
that it would be fertilise*! in a different manner from 
the Larger Butterfly Orchis ; and now, owing to the 
kindness of Mr. F, Bond, I have examined two motha, 
namely, Agrotis segetum and Anattis plagiata, one with 
three poUinia, and the other with five pollioia, attached, 
not to the eyes and side of the face as in the la^t 
species, but to the base of the proboscis. I may 
remark that the poUinia of these two species of Habe- 
naria, when attached to moths, can be distinguished at 
a glance. 

Professor Asa Gray has described* the structui'e of 
no less than ten American species of Platanthera. 
Most of them resemble in their manner of fertilisation 
the two British species ; but some of the species, in 
which the viscid discs do not stand far apart, have 
curious contrivances, such as a channelled lahellum, 
lateral shields, &c., compelling motha to insert their 
proboBcides directly in front. P. hookeri, on the other 
hand, differs in a very interesting manner : the two 
viscid discs stand widely separated from each other ; 
consequently a moth, unless of gigantic size, would he 
able to suck the copious nectar without touching either 
disc ; but this risk is avoided in the following manner : 
— the c^tral line of the stigma is prominent, and the 
labellum, instead of hanging down, as in most of the 
othei species, ia curved upwards, so that the front of 
the flower is made somewhat tubular and is divided 
into halves. Thus a moth is compelled to go to the 
one or other aide, and its face will almost certainly be 
brought into contact with one of the discs. The drum 
of the pollinium, when removed, contracts in the 
Bame manner as I have described under P. chlorantha. 

Eixiv. 18UZ, pp. i4:<; ssn, 
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Professor Gray has seeii a butterfly (Nisoniades) from 
Canada with a poJlinium of thia species attached to 
each eye. In the euse of P.Jlava, moths are compelled 
in a different manner to enter the nectary on one side. 
A narrow but strong protuberance, rising from the base 
of the labelliim, projects upwards and backwards, so 
as almost to touch the column ; thus the moth, being 
forced to go to either side, is almost sure to withdraw 
one of the viscid discs. P. hyperborea and dHataia 
have been regarded by aome botanists as varieties of 
the same species; and Professor Asa Gray says that 
he was formerly tempted to come to the same con- 
clusion ; but on closer examination he finds, besides 
other characters, a remarkable physiological difference, 
namely, that P. dilatata, like its congeners, requires 
insect aid and cannot fertilise itself; whilst in P. 
kt/perborea the pollen-massea commonly fall out of the 
anther-cells whilst the flower is very young or in bud, 
and thus the stigma is self- fertilised. Nevertheless, the 
various structures adapted for crossing are still present." 
The genus Bonatea is closely allied to Habenaria, 
and includes plants having an extraordinary structure. 
Bonatea speciosa is an inhabitant of the Cape of Good 
Hope, and has been carefully described by Mr. Trimon ;t 
but it is impossible to explain its structure without 
drawings. It is remarkable from the manner in which 
the two stigmatic surfaces, as well as the two viscid 
discs, project far out in front of the flower, and from 
the complex nature of the labellum, which consists of 
seven, or probably of nine distinct parts all fused 

* Mr, J. Mansel Weale iiaa de- polliniunotunderin'iiigaiivmove- 

acribeil ('Jmirn. Lin. Ijoc. Bat.' ment or change of pmition when 
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together. As in Platanthera Jlava, there is a process 
at the base of the labetlum which compels moths to 
enter the flower on either side. The nectary, accord- 
ing to Mr. Trimen and Mr. J. Mansel Weale, does not 
contain free nectar ; but the latter author believes 
that the tissue uf which it is composed tastes sweet, so 
diat Diotha probably penetrate it for the sake of the 
intercellular fluid. The polUnia are of astonishing 
length, and when removed fi-om their cases hang down 
merely from the weight of the pollen-masses, and if 
attached to the head of an insect would be in a proper 
position for adhering to the stigma. Mr. Weale has 
likewise described some other South African species 
of Bonatea.' These difl'er from B. spedosa in having 
their nectaries full of nectar. He found a small 
butterfly, Pyrgus elmo, " perfectly embarrassed by the 
number of pollinia of this Bonatea uttuched to its 
sternum." But he does not specify whether the 
Btemum was naked or covered with scales. 



The South African genera Disa and Disperis are 
placed by Lindley in two siib-tribes of the Ophrese. 
The superb flowers of Diaa grandijlora have been 
described and figured by Mr. Trimen. t The posterior 
sepal, instead of the labellum, is developed into a large 
nectary. In order that insects may reach the copiously 
stored nectar, they must insert their proboacidee on 
either side of the column; and in accordance with 
this fact the viscid discs are turned outwards in an 
extraordinary manner. The pollinia are crooked, and 
when removed bend downwards from their own weight, 
BQ that no movement is necessary for placing themselves 
in a proper position. Considering the large supply of 
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uectar and that the flowers are very conspicuous, it 
ia remarkable that they are rarely visited by insects. 
Mr. Trimen wrote to me in 1864 that he had lately 
examined seventy-eight Sowers, and only twelve of 
these had one or both pollinia removed by insects, 
and only five had pollen on their stigmaa. He does 
not know what insects occasionally fertilise the flowers ; 
but Mrs. Barber has more than once seen a large fly, 
allied to Bombylius, with the poWinio, of Disapolygnoides 
attached to the base of its proboscis. Mr. Weale states* 
that D. maorantha differs from D. grandijlora and comuta 
in producing plenty of seed, and is remarkable from 
often fertilising itself. This follows from " a very slight 
jerk, when the flower is fully expanded, sufficing to 
eject the pollinia from their widely open anther-cases, 
and to bring them into contact with the stigma, 
This in nature is not unseldom the case, as I have 
repeatedly found many flowers thus fertilised." He 
has, however, no doubt that the flowers are likewise 
cross-fertilised by nocturnal insects. He adds that 
D. grandiflora in being so seldom fertilised by insects 
offers a case like that of Qphrys nmsci/era; whilst 
D, macrantha in being often self-fertilised closely cor- 
responds with Ophrys a^fefra ; but this latter species 
seems to be invariably self-fertilised. 

Lastly, Mr. Weale has described, t as far as he could 
make out, the manner in which a species of DisperJs 
is fertilised by the aid of insects. It deserves notice 
that the labellum and two lateral sepals of this plant 
secrete nectar. 

We have now finished with the Ophreje ; but before 
passing on to the following tribes, I will recapitulate 
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the chief iacta with respect to the movementB of the 
poUinia, all due to the nicely regulated contraction of 
that small portion of membrane {together with the 
pedicel in the case of Habenaria) lying between the 
layer or ball of adhesive matter and tlie extremity of 
the caudicle. In a few cases, howeyer, as with some 
of the species of Disa and Bonatea, the candicles when 
removed from their cells do not undergo any movement ; 
the weight of the pollen-nmsses sufScing to depress 
them into a proper position. In most of the species of 
Orchis the stigma lies dixeotly beneath the anther-cells, 
and the pollinia simply move vertically downwards. 
In Orchis pyramidalis there are two lateral and inferior 
stigmas, and the pollinia move downwards and outwards, 
diverging to the proper angle, ao as to strike the two 
lateral stigmas. In Gymnadenia the pollinia move 
only downwards, but they are adapted for striking the 
lateral stigmas, by being attached to the upper lateral 
surfaces of the proboscides of Lepidoptera. In Nigri- 
tella they move upwards, but this depends merely on 
their being always affixed to the lower side of the 
proboscis. In Habenaria the stigmatic surface lies 
beneath and between the two widely-separated anther- 
cells, and the pollinia here converge, instead of diverg- 
ing as in Orchis pyramidalis, and likewise move down- 
wards. A poet might imagine that whilst the pollinia 
were borne through the air from flower to flower, 
adhering to an insect's body, they voluntarily and 
eagerly placed themselves in that exact position, in 
which alone they could hope to gain their wish atid 
perpetuate their race. 
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OephalnntherB grandiBora ; nwkllum aborted; early penetratioci of the 
poUeii-tiibea ; nase of imperfeot Belf-fertiliautioii : crosa-rertiliutiou 
effected by inBecta wliii-b ^a,v thi' lab^^Uurn— (Jephaliintliera enei- 
falia — Piigoiiia—PtonHtylis and otlior Aiialmlisn urchida with the 
labolluia aennitive hi a touL'h — Vaoilla— Sobralia. 

Cephalanthera grandijlora. — This Orchid is remark- 
able from not possessing a rostellum, which is so 
eminently cflaracienstic of the order. The stigma is 
large, and the anther stands above it. The pollen 
is extremely friable and readily adheres to any object. 
The grains are tied together by a few weak elastic 
threads ; but they are not cemented together, so as to 
form compound pollen-grains, as in almost all other 
Orchids." In this latter character and in the complete 
abortion of the rostellum we have ovidence of degrodsr 
tion ; and Cephalanthera appears t^j me like a degraded 
Epipactis, a member of the Neotteie, to be described in 
the nest chapter. 

The anther opens whilst the flower is in bud and 
partly expels the pollen, which stands in two nearly 
free upright pillars, each nearly divided longitudinally 
into halves. These subdivided pillars rest against or 
even overhang the upper square edge of the stigma, 
which rises to about one-third of their height (see front 
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viev B, and aide view C, in flg. 13), Wtilst the flower 
is still in bud, the pollen-grains which rest against the 
upper sharp edge of the stigma {but not those in the 
upper or lower parts of the mass) emit a multitude of 
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tubes ; and these deeply penetrate the stigmatic tissue. 
After this period the stigma bends a little forward, and 
the result is that the two friable pillars of pollen are 
drawn a little forward and stand almost completely free 
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from tlie anther-cells, being tied to the edge of the 
stigma and supported by the penetration of the pollen- 
tubes. Without this support the pillars would soon fall 
down. 

The flower stands upright, with the lower port of 
the labellum turned up parallel to the column (flg. A). 
The tips of the lateral petals never become separated ; ' 
80 that the pillars of pollen are protected from the 
wind, and as the flower stands upright they do not 
fall down from their own weight. These are points of 
much importance to the plant, as otherwise the pollen 
would have been blown or faUen down and been 
wasted. The labellum is formed of two portions; when 
the flower is mature, the small triangular distal portion 
turns down at right angles to the basal portion ; and 
thus offers a small landing-place for insects in front 
of the triangular entrance, aituated half-way up the 
almost tubular flower. After a short time, as soon aa 
the flower is fully fertilised, the small distal portion 
of the labellum rises up, shuts the triangular door, and 
again perfectly encloses the organs of fructification. 

Although I have often searched for nectar within the 
cup of the labellum, I have never found even a trace. 
The terminal portion of the labellum ia frosted with 
globular papillre of an orange colour, and within the 
cup there are several transversely wrinkled, longi- 
tudinal ridges of a darker orange tint. These ridges 
are often gnawed by some animal, and I have found 
minute, bitten-off fragments lying within the base of the 



cup. 



In the summer of 18G2 the flowers were visited 



less frequently by insects than is usual, as shown by 
the unbroken state of the pollen-masses ; nevertheless, 
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out yf seventeen flowers which were examined one day, 
fiye had their ridges gnawed, and on the next day, 
seven out of nine other flowers were in this state. Aa 
there was no appearance of slime, I do not believe 
tbat they had been attacked by slugs ; but whether 
they had been gnawed by winged insects, which alone 
would be effectual for cross-fertilisation, I know not. 
The ridges had a taste like that of the labellum of 
certain Vande^, in which tribe (aa we shall hereafter 
see) this part of the flower is often gnawed by insects. 
Cephalanthera is the only British Orchid, as far aa I 
have observed, which attracts insects, by thus offering 
to them solid food. 

The early penetration of the stigma by a multitude 
of pollen-tubes, which were traced far down the stigmatic 
tissue, apparently gives US another case, like that of the 
Bae Ophrys, of perpetual self-fertilisation, I was much 
surprised at this fact, and asked myself: Why does the 
distal portion of the labellum open for a short period? 
what is the use of the great mass of pollen above and 
below that layer of grains, the tubes of which alone 
penetrate the upper edge of the stigma ? The stigma 
has a large flat viscid surface ; and during several years 
1 have almost invariably found masses of pollen adher- 
ing to its surface, and ihe friable pillars by some means 
broken down. It occurred to me that, although the 
flowers stand upright, and the pillars are well pro- 
tected from the wind, yet that the pollen-masses might 
ultimately topple over from their own weight, and so 
fall on the stigma, thus completing the act of self-fer- 
tilisation. Accordingly, I covered with a net a plant 
having four buds, and examined the Sowlts as soon as 
they had withered ; the broad stigmas of three of them 
were perfectly free from pollen, but a little had fallen 
on one comer of the fourth. With the exception of 
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the Bummit of one pillar in this latter flower, i 
other pillars still stood upright and unbroken. I looked 
at the flowers of some snnounding plants, and STery- 
where found, as I had so often done before, broken-down 
pillars and masses of pollen on the stigmas. 

From the usual state of the pillars of pollen, as 
well as from the gnawed condition of the ridges on the 
labellum, it may be safely inferred that insects of some 
kind visit the flowers, disturb the pollen, and leave 
masses of it on the stigmas. We thus see that the 
turning down of the distal portion of the labellum, by 
which a temporary landing-place and an open door are 
afforded,' — the upturned labellum, by which the flower 
is made tubular so that Insects are compelled to crawl 
close by the stigmatic surface,— the pollen readily 
cohering to any object, and standing in friable pillars 
protected from the wind, — and, lastly, the large masses 
of pollen above and below that layer of grains, the 
tubes of which alone penetrate the edge of the stigma, — 
are all co-ordinated structures, tor from useless ; and 
they would be quite useless if these flowers were always 
self- fertilised. 

To ascertain how far the early penetration of the 
upper edge of the stigma by the tubes of those grains 
which rest on it, is effectual for fertilisation, I covered 
up a plant, just before the flowers opened, and removed 
the thin net as soon as they had begun to wither. From 
long experience I am sure that this temporary cover- 
ing could not have injured their fertility. The four 
covered flowers produced seed-capsules as fine in ap- 
pearance as those on any of the surrounding plants. 
When ripe, I gathered them, and likewise capsules 
from several of the surrounding plants, growing under 
similar conditions, and weighed the seed in a chemical 
balance. The seeds from the four capsules on the 
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imcoyered plants weighe-d 1-5 grain; whilst those 
from an equal nnmber oi capsules on thecoverwl plant 
weighed under 1 grain ; but this does not give a fair 
idea of the relative difference of their fertility, for I 
obaerved that a great number of the seeds from the 
covered plant consisted of minute and shrivelled husks. 
Accordingly I mixed the aeeds well together, and took 
four little lots from one heap and four little lota from 
the other heap, and, having soaked them in water, com- 
pared them under the microscope : out of forty seeds 
from the uncovered plants there were only four bad 
ones, whereas out of forty seeds from the covered-up 
plants there were at least twenty-seven bad ; so that 
there were nearly seven times as many bad seeds from 
the covered plants, as from those left free to the access 
of insects. 

We may therefore coiiclude that this orchid is 
constantly self-fertilised, although in a very imperfect 
manner ; but this would be highly useful to the plant, 
if insects failed to visit the flowers. ThtJ penetra- 
tion of the pollen-tubes, however, is apparently even 
more serviceable by retaining the pillars of pollen in 
their proper places, so that insects, in crawling into the 
flowers, may get dusted with pollen. Self-fertilisation 
also may, perhaps, be aided by insects, carrying pollen 
from the same flower on to the stigma ; but an insect 
thus smeared with pollen could hardly fail likewise to 
cross the flowers on other plants. From the relative 
position of the parts, it seems indeed probable (but I 
omitted to prove this by the early removal of the 
anthers, so as to observe whether pollen was brought 
to the stigma from other flowers) that an insect would 
mote frequently get dusted by crawling out of a flower 
than by crawling into one ; and this would of course 
facilitate a cross between distinct individuals. Hence 
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Cephalaiithera offers only a partial exception to the 
rule that the flowers of Orchids are generally fertilised 
by pollen from another plant. 

Cephalaiitkera ensifolia, — According to Delpino,' the 
flowere of this species are visited by insects, aa shown 
by the removal of the pollen-masBes. He believes that 
this is effected by their bodies being first rendered sticky 
by means of the stigmatie secretion. It is not clear 
whether the flowers also fertilise themselves. Each 
pollen-mass is divided into two, instead of being merely 
sub-divided, so thatthere are four distinct pollen-masses, 

Pogonia opiiiofflosgoides.—T'he flowers of this plant, 
an inhabitant of the United States, resemble, as 
described by Mr. Scudder, f those of Cephalantbera in 
not having a rastellum, and in the pollen-masses not 
being furnished with caudieles. The pollen consists of 
powdery grains not united by threads. Self-fertilisation • 
seems to be effectually ]irevented ; and the flowers on 
distinct plants must intercross, for each plant generally 
bears only a single flower. 

PteroBtylia trulUfolia and longifolia. — -I may here 
briefly mention some Orchids, inhabitauta of Anstralia 
and New Zealand, which are included by Lindley in 
the same family of the Arethiisea! with Cephalantbera 
and Pogonia, and are remarkable frnm their labella 
being extremely sensitive or irritable. Two of the 
petals and one of the aepala form a hood which encloses 
the column, as may be seen at A in the accompanying 
figure of Pterosttflis limgifolia. 

The distal portion of the labellum affords a landing- 
place for insects, in nearly the same manner aa with 
Cephalantbera; but when this organ is touched it 
rapidly springs up, carrying with it the touching insect, 
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which is thwB temporarily imprisoned within the other- 
wifle almost completely closed flower. The labelluni 
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remains shut from halt' an hour to one hour and a 
half, and on reopening is again gensitive to a touch. 
Two membranous shields project on each aide of the 
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upper part of the column, with their edges meeting 
in front, as may be seen in fig. B. In this drawing 
the petal on the near side has been cut away, and 
the labellum ia represented in the position which it 
assumes after having been touched. As soon as the 
labellum has thus risen, an imprisoned insect cannot 
escape except by crawling through the narrow passage 
formed by the two projecting shields. In thus escaping 
it can hardly fail to remove the pollinia, as, before 
coming into contact with them. Us body will have been 
smeared with the viscid matter of the rostellum. On 
being imprisoned in another flower, and on again escap- 
ing by the same passage, it will almost certainly leave 
at least one of the four pollen-masses on the adhesive 
stigma, and thus fertilise the flower. 

All that I have here said is taken from the admir- 
able description given by Mr. Cheeseman " of Pterontylia 
trullifolia ; but I have copied the figure of P. longifdia 
from Mr. Fitzgerald's great work on the Australian 
Orchids, as it shows plainly the relation of all the parts. 

Mr. Cheeseman placed insects within several flowers 
of F. trullifolia, and saw them afterwards crawl out, 
generally with pollinia attached to their backs. He 
also proved the importance of the irritable labellum 
by removing it from twelve flowers whilst young, and 
in this case insects which entered the flowers would not 
have been compelled to crawl out through the passage; 
and not one of these flowers produced a capsule. The 
flowers seem to be frequented exclusively by Diptera; 
but what attraction they present is not known, as they 
do not secrete nectar. Mr. Cheeseman believes that 
hardly a quarter of the flowers produce capsules ; not- 
withstanding that on one occasion he examined 110 

'. 1873, p. SS2i and toL 
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flowers in a withered condition, and seventy-one of these 
had pollen on their stigmaSj and only twenty-eight had 
all four pollinia still within their anthers. All the 
New Zealand species bear solitary flowers, so that dis- 
tinct planta cfinnot fail to be intercrossed. I may add 
that Mr. Fitzgerald also placed a small beetle on the 
labellum of P. longifolia, which was instantly carried 
into the flower and imprisoned; afterwards he saw 
it crawl out with two pollinia attached to its back. 
Nevertheless he doubts, from reasons which seem to 
me qnite insnSicient, whether the sensitiveness of the 
labellum is not as great a disadvantage as an advan- 
tage to the plant. 

Mr. Fitzgerald has described another Orchid belong- 
ing to the same sub-tribe, Caladeaia dimorpka, which 
has an irritable labellum. He kept a plant in his room, 
and says : " A houae-fly lighting on the lip was carried 
by its spring against the column, and becoming en- 
tangled in the gluten of the stigma, and struggling to 
escape, removed the pollen from the anther and smeared 
it on the stigma," He adds, " Without some such aid 
the species of this genua never produce seed." But 
from the analogy of other Orchids we may feel sure 
that insects usually behave very differently from the 
fly which he saw caught on the stigma, and no doubt 
they carry the pollen-masses from plant to plant. The 
'labellum of another Auatraliaa genus, Cala;na, one oi 
the Ai'ethusese, is said by Dr. Hooker • to be irritable ; 
so that when touched by an insect it shutg up suddenly 
against the column, and temporarily encloses its prey 
08 it were witliin a box. The labellum is covered by 
ipurious papilla!, which, as far as Mr. Fitzgerald has 

m, are not gnawed by insects. 
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Mr. Fitzgerald describes and ligurea several other 
genera, and states with respect to Actantbus /oriiicatus 
and exsertus that neither species prodnce seeds if 
protected from insects, but are easily fertilised by 
pollen placed on their Btigraas. Mr. Cheeaeman " has 
witnessed the fertilisation of Aciantkne sinelairii in 
New Zealand, the flowers of which are incessantly 
visited by Diptera, without whose aid the pollinia are 
never removed. Out of eighty-seven flowers borne 
by fourteen plants, no less than seventy-one matured 
capsules. This plant according to the same observer 
exhibits one remarkable peculiarity, namely, that the 
pollen-maases are attached to the rostellum by means 
of the exserted pollen-tubes, which serve as a caudiele ; 
and the pollen-masses are thus removed together with 
the rostellum, which is viscid, when the flowers are 
visited by insects. The flowers of the allied Cyrto- 
stylia are also much frequented by insects, but the 
pollinia are not so regularly removed as those of the 
Acianthus ; and with Oorysanthes, only five out of 200 
6owers produced capsules, 

The VaniUidss according to Lindley form a sub- 
tribe of the ArethuscEe. The large tubular flowers of 
Vanilla aromatica are manifestly adapted to be ferti- 
lised by insects ; and it is known that when this plant 
is cultivated in foreign countries, for instance in Bour- 
bon, Tahiti, and the East Indies, it fails to produce 
its aromatic pods unless artificially fertilised. This 
fact shows that some insect in its American home is 
gpecially adapted for the work ; and that the insects 
of the above-named tropical regions, where the Vanilla 
flourishes, either do not visit the flowers, though they 
secrete an abundance of nectar, or do not visit them 
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in the proper manner." I will mention only two pecu- 
liarities in the structure of the flowers: the anterior 
part of the pollen-masaes ia semi-waxy and the posterior 
part somewhat friable : the grains are not cemented 
together into compound grains, and the single grains 
are not united by fine elastic threads but by viscid 
matter ; this matter would aid in causing the pollen 
to adhere to an insect, but I should have thought that 
such aid was superfluous, as the viscid rostellum is 
well developed. The other peculiarity is that the 
labellum, in front of the stigma, and some way beneath 
it, is furnished with a stiff hinged brash, formed of a 
series of combs one over the other, which point down- 
wards. This structure would allow an insect to crawl 
easily into a flower, but would compel it whilst re- 
treating to press close against the column ; and in 
doing so it would remove the pollen-maases, leaving 
them on the stigma of the next flower which was 
visited. 

The genus Sohralia is allied to Vanilla, and Mr. 
Cavendish Browne informs me that he saw a large 
humble-bee enter a flower of 8. macrantha in his 
hothouse, and when it crawled out it had the two 
large pollen-masses firmly fixed to its back, nearer to 
the tail than to the head. The bee then looked about, 
and seeing no other flower re-entered the same one of 



* For Buuibon mo 'Bui. Soc. 
Bnt. de France." torn. i. 1S54, p. 
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Hiirrtn in 'Annni' and Mag. of 
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viflortu {one ot tbi- Vaiideffi) pro- 
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iinjeeed if left lothem- 
HolveB, thoiigli invariably fertile 
wbflc tha poUen-mBBsea were re- 
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Yet the Bluo Houutuina itre Itas 
than one hundred milea diatant 



92 ABETHnSlLfi. OflAP. UL 

the Sobralia, but quickly retreated, leaving the pollen- 
masses on the stigma, with the viscid discs alone 
adhering to its back. The nectar of this Guatemala 
Orchid seemed too powerful for our British bee, for it 
stretched out its legs and lay for a time as if dead on 
the labellum, but afterwards recovered. 
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CHAPTER IV. 

NEOTTE^. 

Epipoctis pnlnitris ; ooriouB shape of tlie labeilam and ite ftaportaTiM 
111 tliB fmctiHaitioii of the dower— Other spccii's of Epipactis — 
Epipogium — (loo-iyern repens — Spiranthes autumnHlia : perfect 
adaptntion by wliieh the pollen of a younger HowBr I'a carried to the 
stigma of an older flower on onolier plant -Liatern ovatar Banai- 
tiyenesa of the roBtellam; osplogion of liscid matter; action of 
inaeota ; perfect adiiptation of tlie several organs — Listera i^rciata — 
Neottia niduB-avis ; it» ft'rtilituitiiin eCfeatt-Li in tlie same manner aa 
in Liatera — Thelymitra, self-fertile. 

We have now arrived at a third tribe, the Neotteie of 
Lindley, which includes several Britisb genera. These 
present many interesting points with respect to their 
stmcture and manner of fertilisation. 

The Neottese have a free anther standing hehind the 
stigma. Their pollen-grains are tied together by fine 
elastic threads, which partially cohere and project at 
the upper end of the pollen-masa, being there attached 
(with some exceptions) to the back of the roatellum. 
Consequently the pollen-masses have no tme and dis- 
tinct caudiclea. In one genus alone (Gfoodyera) the 
pollen-grains are collected into packets as in Orchis. 
Epipactis and Goodyera agree pretty closely in their 
manner of fertilisation with the Ophrese, but are more 
simply organised. Spiranthes .cornea under the same 
category, but has been differently modified in some 
respects. 

EpipadtB palvsiria* — The lower part of the largo 

* I am mach indebted to Mr. ing me fresh specimens of thia 
A. 6. Mnr<-. of Bembriilge. in the beautiful Orchis. 
Isle of Wight, for repeatedly send- 
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stigma is bilobed and projects in front of the colnmn 
(see 8 in the side and front views, C, D, fig. 15). On 
ita square aiunmit a single, nearly globular rostellum 
is seated. The anterior face of the ryatellum (r, C, D) 
projects a little beyond the surface of the upper part of 
the stigma, and this is of importance. In the early bud 
the rostellum consists of a friable mass of cells, with the 
exterior surface rough : these superficial cells undergo 
a great change during development, and become con- 
verted into a soft, smooth, highly elastic membrane or 
tissue, so excessively tender that it can be penetrated 
by a human hair ; when thus penetrated, or when 
slightly rubbed, the surface becomes milky and in some 
degree viscid, eo that the pollen-grains adhere to it. 
In some cases, though I observed this more plainly in 
Epipaelis laiifolia, the surface of the rostellum appa- 
rently becomes milky and viscid without having been 
touched. This exterior soft elastic membrane forms 
a cap to the rostellum, and is internally lined with a 
layer of much more adhesive matter, which, when ex- 
posed to the air, dries in from five to ten minutes. 
By a slight upward and backward push with any object, 
the whole cap, with ita viscid lining, is removed with 
the greatest ease ; a minute square stump, the basis 
of the rostellum, being alone left on the summit of the 
stigma. 

In the bud-atate the anther stands quite free behind 
the rostellum and stigma; it opens longitudinally 
whilst the flower is still unexpanded, and exposes the 
two oval pollen-masses, which now lie loose in their 
celb. The pollen consists of spherical granules, co- 
hering in fours, but not affecting eac^h other's shapes : 
and these compound grains are tied together by fine* 
elastic threads. The threads are collected into bundles 
extending longitudinally along the middle line of the 
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front of each poUiaium, where it comes into contact 
with the back of tne uppermost part of the roBtellum. 
From the niunber of these threads this middle line 
looks browD, and each poUen-maas here showB a 
tendency to divide longitudinally into halves. In all 
these respects there is a close general resemblance to 
the pollinia of the Ophrete. 

The line where the parallel threads are the most 
niimerouB is the line of greatest strength ; elsewhere 
the pollen-masses are extremely friable, so that large 
portions can easily be broken off. In the bud-state 
the Tostellum is curved a little backwards, and is 
pressed against the recently-opened anther ; and the 
above-mentioned slightly projecting bundles of threads 
become firmly attached to the posterior flap of the 
membranous cap of the rostellum. The point of attach- 
ment lies a little beneath the summit of the pollen- 
masses ; but the exact point is somewhat variable, for 
I have met with specimens in which the attachment 
was one-fifth of the length of the pollen-masses from 
their summits. This variattility ia so far interesting, 
as it is a step leading to the structure of the Ophrece, 
in which the confluent threads, or caudicles, always 
spring from the lower ends of the pollen-masses. After 
the pollinia are firmly attached by their threads to 
the back of the rostellum, the rostellum bends a little 
forwards, and this partly draws the pollinia out of the 
anther-cells. The upper end of the anther consists of a 
blunt, solid point, not including pollen ; this blunt point 
projects slightly beyond the face of the rostellum, 
which circumstance, as we shall see, is important. 

The flowers stand out (fig. A) almost horiozontally 
'from the stem. The labellum is curiously shaped, as 
may be seen in the drawings : the distal half, which 
projects beyond the other petals and forms an excellent 
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landing-place for insects, is joined to the basal half by 
a narrow hinge, and naturally (fig. A) is turned a little 
upwards, so that Its edges pass within the edges of the 
basal portion. So flexible and elastic is the hinge that 
the weight of even a fly, aa Mr. More informs me, 
depresses the distal portion ; it is represented in fig. B 
in this state ; but when the weight is removed it 
instantly springs up to its former position (fig. A), and 
with its curious medial ridges partly closes the entrance 
into the flower. The basal portion of the lahellum forms 
a cup, which at the proper time is filled with nectar. 

Now let us see how all the parts, which I have been 
obliged to describe in detail, act. When I flist ex- 
amined these flowers I was much perplexed : trying in 
the same manner as I should have done with a true 
Orchis, I slightly pushed the protuberant rostellum 
downwards, and it was easily ruptured ; some of the 
viscid matter was withdrawn, but the poUinia remained 
in their cells. Eeflecting on the structure of the 
flower, it occurred to me that an insect in entering one 
in order to suck the nectar, would depress the distal 
portion of the labellum, and consequently would not 
touch the rostellum ; but that, when within the flower, 
it would be almost compelled, from the springing up 
of this distal half of the lahellum, to rise a little up- 
wards and back out parallel to the stigma. I then 
brushed the rustetluni lightly upwards and backwards 
with the end of a feather and other such objects ; and 
it was pretty to see how easily the membranous cap 
of the rostellum came off, and how well from its elas- 
ticity it fitted any object, whatever its shape might be, 
and how firmly it clung to the object owing to the 
viscidity of its under surface. Large masses of pollen, 
adhering by the elastic, threaila to the cap of the ros- 
telliuD were at the same time withdrawn. 
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Nevertheless the pollen-mftsses were not remoTed 
nearly so cleanly as those which had been naturally 
removed by insects. I tried dozens of flowers, always 
with the same Imperfect result. It then occurred to 
me, that an insect in backing out of the flower would 
naturally push with some part of its body against the 
blunt and projecting upper end of the anther, which 
overhangs the stigmatic enrface. Accordingly I 80 
held a brush that, whilst brushing upwards against the 
rostellum, I pushed against the blunt solid end of the 
anther (see fig. C) ; this at once eased the pollinia, and 
they were withdrawn in an entire state. At last I 
understood the mechanism of the flower. 

The large anther stands above and behind the 
stigma, forming an angle with it {fig. C), so that the 
pollinia when withdrawn by an insect would adhere 
to its head or body in a position fitted to strike the 
sloping stigmatic surface as soon as another flower 
was visited. Hence we have not here, or in any of 
the Neottete, that movement of depression so common 
with the pollinia of the Ophrere. When an insect 
with the pollinia attached to its back or head enters 
another flower, the easy depression of the distal portion 
of the labellum probably plays an important part ; for 
the pollen-masses are extremely friable, and if they 
were struck against the tips of the petals much of the 
pollen would be lost ; but as it is, an open gangway 
is offered, and the viscid stigma, with its lower pro- 
tuberant part lying in front, is the first object against 
which the pollen-masses projecting forwards from the 
insect's head or back would naturally strike. I may 
add that in one large lot of flower-spikes, a great ■ 
majority of the pollinia bad been naturally and 
cleanly removed. 

In order to ascertain n bether I was right in believing 
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that the distal hinged portion of the labellum was of 
importance in the fertilisation of the flowera, I asked 
Mr. More to remove this part from some young flowers, 
and to mark them. He tried the experiment on eleven 
flowers, three of which did not produce seed-capsulee; 
but this may have been accidental. Of the eight 
capsules which were produced, two contained about as 
many seeds as those from unmutilated flowers on the 
same plant ; but six capsules contained much fewer 
seeds. Moat of the seeds were well-formed. These 
experiments, as far as they go, support the view that 
the distal part of the labellum is of importance in 
causing insects to enter and leave the flowers in the 
best manner for their fertilisation. 

Since the appearance of the first edition of this book, 
my son William has observed for me this Epipactis in 
the Isle of Wight. Hive-bees seem to be the chief 
agents in fertilisation ; for be saw them visit about a 
score of flowers, and many had pollen-masses attached 
to their foreheads, just above the mandibles. I had 
supposed that insects always crawled into the flowers*; 
but hive-Lees are too large to do this ; they always 
clung, whilst sucking the nectar, to the distal and 
hinged half of the labellum, which was thus pressed 
downwards. Owing to this part being elastic and 
tending to spring up, the bees, as they left the flowers, 
seemed to fly rather upwards; and this favoured, in 
the manner previously explained, the complete with- 
drawal of the pollen-masses, quite aa well as if the 
insects had crawled, in an upward direction, out of 
the flower. Perhaps the upward movement may not 
be BO necessary in all cases as I had supposetl ; for, 
judging from the manner in which the poll en -masses 
were attached to the hive-bees, the back part of their 
beads could hardly fail to press against and lift up the 
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blunt, solid, upper end of the anther, thus freeing the 
pollen -masses. Various other insects besides hive-bees 
visit the flowers. My son saw seycral large flies {Sar- 
oophaga mrnoea) haunting them ; but they did not 
enter in so neat and regular a manner as the hive-bees ; 
nevertheless two had pollen-masses attached to their 
foreheads. Several smaller flies (Owlopa friffida) were 
also seen entering and leaving the flowers, with pollen- 
masses adhering rather irregularly to the dorsal surface 
of the thorax, Three or four distinct kinds of Hymen- 
optera (one of small size being Grabro brevis) likewise 
visited the flowers ; and three of these Hymenoptera 
had pollen-masses attached to their backs. Other still 
more minute Diptera, Coleoptera, and ants were seen 
sucking the nectar ; but these insects appeared to be 
too small to transport the pollen-masses. It is re- 
markable that some of the foregoing insecta should 
visit the flowers ; for Mr, F. Walker informs me that 
the Sarcophaga frequents decaying animal matter, and 
the Coelopa haunts seaweed, occasionally settling on 
flowers. The Crabro also, as I hear from Mr. F. Smith, 
collects small beetles (Halticfe) for provisioning its 
nest. It is equally remarkable, seeing how many 
kinds of insects visit this Epipactis, that although my 
son watched hundreds of plants for some hours on three 
occasions, not a single hiimhie-bee alighted on a flower, 
though many were flying about. 

Epipacf^e latifdia. — This species agrees with the 
last in moat respects. The rostellum, however, projects 
considerably furtlier beyond the face of the stigma, 
and the blunt upper end of the anther less so. The 
viscid matter lining the elastic cap of the rostellum 
takes a longer time to get dry. The upper petals and 
sepals are mure widely e.\panded than in K.palustris: 
the distal portion of the labellum is smaller, and is 
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firmly united to the basal portion (fig. 16), so that it 
is not flexible and elastic ; it apparently serves only as 
a landing-place for inaecta. The fertilisation of this 
species depends simply on an insect striking in an 
upward and backward direction the highly-protuberant 
rostellum, which it would be apt to do when retreating 
from the flower after having sucked the copious nectar 




in the cup of the labellura. Apparently it ia not at 
all necessary that the insect should push upwards the 
blunt upper end of the anther ; at least I found that 
the pollinia could be removed easily by simply drag- 
ging off the cap of the rostellum in an upward or 
backward direction. 

As some plants grew close to my house, I have been 
I able to observe here and elsewhere their manner of 
I fertilisation during several years. Although hive-bees 
[ and humble-bees of many kinds were constantly flying 
lover the plants, I never saw a bee or any Dipterous 
Binaect visit the flowers ; but in Germany Sprengel 
sanght a fly with the pollinia of this plant attached 
f- to its back, Oe the other hand I have repeatedly 



observed the common waap (Vespa syheatris) Kiicktng 
the nectar out of the open cup-shaped labellum. 1 
thus saw the act of fertilisation effected by the pollen- 
masses being removed by the wasps, and afterwards 
imrried attached to their foreheads to other flowers. 
Mr. Oxenden also informs me that a large bed of 
E. purpvfrata (which is conBidered by some botanists to 
be a distinct species, and by others a variety) was fre- 
quented by " swarma uf wasps." It is very remarkable 
that the sweet nectar of this Epipactis should not be 
attractive to any kind of bee. If wasps were to become 
extinct in any district, so probably would the Epipactis 
laiifdia. 

To show how effectually the flowers are fertilised, 1 
may add that during the wet and cold season of 1860 a 
friend in Sussex examined five spikes bearing eighty-five 
expanded flowers ; of these, fifty-three had the pollinia 
removed, and thirty-two had them in place : but as 
many of the latter were immediately beneath the buds, 
a larger number would almost certainly have been 
afterwai-ds remowed. In Devonshire I found a spike 
with nine open flowers, and the pollinia in all were re- 
moved with one exception, and in this case a fly, too 
small to remove the pollinia, had become glued to the 
rostellum, and had there miserably perished. 

Dr. H. Muller has published ■ some interesting 
observations on the difference in structure and manner 
of fertilisation, as well as on the intermediate forms 
between Epipaetia ruhi^nosa, microphyUa, and viridi- 
flora. The latter species is remarkable for the absence 
of a rosteUum, and for being regularly self-fertiUsed. 
Self-fertilisation here follows from the incoherent 
pollen-grains in the lower part of the poUen-massM 

t.Ui. Folge, V.B4 
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emitting, whilst atill within the anther-cella, their 
tubes, which penetrate the stigma ; and this occurs even - 
in the bud. This species, however, is probably visited 
by insects, and occasionally crossed ; for the labellum 
contains nectar. E. micropkylla is intermediate in 
Btructuie between E. latifoiia, which is always fertilised 
by the aid of insects, and E. viridijlora, which does not 
necessarily require any such aid. The whole of this 
memoir by Dr. H. Muller deserves to be attentively 
studied. 

Epifogium. gmelini. — This plant, which has only 
once been found in Great Britain, haa been fully de- 
scribed by Dr. Rohrbach in a special memoir.* The 
structure and manner of fertilisation is in many re- 
spects like that of Epipactis, to which genus the author 
believes the present one to be allied, though placed by 
Lindley amongst the Arethuseie. Rohrbach saw the 
flowers visited by Bombus lucorum, but it appears that 
only a few produce capsules. 

Ooodyera repans.f — This genua is rather closely re- 
lated to Epipactis, in most of the characters witli 
which we are concerned. The shield-like rostellum la 
almost square, and projects beyond the stigma ; it is 
supported on each side by sloping sides riaing from 
the upper edge of the stigma, in nearly the same 
manner as we shall presently see in Spiranthea. The 
surfa«eofthoprotuberant part of the rostellum is rough, 
and when dry can be seen to be formed of cells ; it is 
k delicate, and, when slightly pricked, a little milky 
I viscid fluid exudes; it is lined by a layer of verj 
I adhesive matter, which quickly sets hard when exposed 
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to the air. The protuberant surface of the rostelluio, 
when gently rubbed upwards, ia easily removed, ajid 
carries with it a atrip of membrane, to the hinder part 
of which the pollinia are attached. The sloping sides 
which support the roatellum are not removed at the 
same time, but remain pruj(;cting up like a fork and 
soon wither. The anther is borne on a broad elon- 
gated filament ; and a membrane on both sides unites 
this filament to the edges of the stigma, forming an 
imperfect cup or clinandrum. The anther-pells open 
in the bud, and the pollen-masses become attached 
by their anterior faces, just beneath their summits, 
to the back of the rostellum. Ultimately the anther 
opens widely, leaving the pollinia almost naked, but 
partially protected within the membranous cup or 
elinandrnm. Each poUinium is partially divided 
lengthways ; the pollen-grains cohere in subtriangular 
packets, including a multitude of compound grains, each 
consisting of four grains ; and these packets are tied 
together by strong elastic threads, which at their upper 
ends run together and form a single flattened brown 
elastic ribbon, of which the truncated extremity adheres 
to the back of the rostellum. 

The surface of the orbicular stigma is remarkably 
viscid, which is necessary in order that the unusually 
strong threads connecting the packets of pollen should 
be ruptured. The labellum is partially divided into 
two portions; the terminal portion is reflexed, and 
the basal portion is cup-formed and filled with nectar. 
The passage between the rostellum and labellum is 
contracted whilst the flower is young ; but when mature 
the column moves further back liom the labellum, so 
as to allow of insects with the pollinia adhering to 
their proboseides, to enter the flowers more freely. In 
many of the specimens received, the pollinia had been 
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removed, and the fork-shaped supporting sides of the 
roBtellnm were partially withered. Mr. R. B. Thomson 
informs me that in the north of Scotland he saw many 
humble-bees {Bomhus pralorum) visiting the flowers 
with pollen-maases attached to their proboscides. 
This species grovre also in the United States; and 
Professor Asa Gray* confirms my account of its 
structure and manner of fertilisation, which is likewise 
applicable to another and very distinct species, namely, 
Goodijera pubeacens. 

Goodyera is an interesting connecting link between 
several very distinct forma. In no other member of 
the NeottcEe observed by me ia there so near an ap- 
proach to the formation of a true caudicle ;t and it is 
curious that in this genua alone the pollen-grains 
cohere in large packets, aa in the Ophreie. If the 
nascent eaudicles had been attached to the lower ends 
of the pollinia. and they are attached a little beneath 
their summits, the poUinia would have been almost 
identical with those of a true Orchis. In the rostellum 
being supported by sloping sides, which wither when 
the viscid disc is removed, — in the existence of a 
membranous cup or clinandrum between the stigma 
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and anther, — ^and in some other respects, wo have a 
clear affinity with Spiranthea. In the anther having 
a broad filament we see a relation to Cepbalanthera. 
In the structure of the rostellum, with the exception 
of the sloping sides, and in the shape of the lahellum, 
Groodyera resembles Epipactis. Goodyera probably 
shows us the state of the organs in a group of Orchids, 
now mostly extinct, but the parents of many liring 
descendants. 

Spiratithea autumnaJis. — This Orchid with ita pretty 
name of Ladies'-tresaes, presents some interesting 
peculiarities.* The rostellum is a long, thin, flat pro- 
jection, joined by sloping shoulders to the siinunit of 
the stigma. In the middle of the rostellum a narrow 
vertical brown object (fig. 17, C) may be seen, bordered 
and covered by transparent membrane. This brown 
object I win call "the boat-formed disc." It forma 
the middle portion of the posterior surface of the 
rostellum, and consists of a narrow atrip of the exterior 
membrane in a modified condition. When removed 
from ita attachment, its summit (fig. E) is seen to be 
pointed, with the lower end rounded ; it is slightly 
bowed, so as altogether to resemble a boat or canoe. 
It is rather more than -r^-ir of an inch in length, 
and less than -^^ in breadth. It is nearly rigid, and 
appears fibrous, but is really formed of elongated 
and thickened cells, partially confluent. 

This boat, standing vertically up on its stem, is filled 
with thick, milky, extremely adhesive fluid, which, 
when exposed to the air, rapidly turns brown, and in 
about one minute sets quite hard. An object ia well 
glued to the boat in four or five seconds, and when the 
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cement is dry the attachment is wonderrully strong. 
The transparent sides of the rostellnm consist of mem- 
brane, attached behind to the edges of the boat, and 
folded over in front, so aa to form the anterior face 
of the roatellum. This folded membrane, therefore, 
covers, almost like a deck, the cargo of viscid matter 
within the boat. 

Fig. II. 
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The anterior face of the rostellum is slightly furrowed 
n a longitudinal line over the middle of the boat, and 



108 



Ch»p. IV, 



IB endowed with a remarkable kind of irritability ; 
for, if the furrow be touched very gently by a needle, 
or if a briatle be laid along the furrow, it instantly 
splits along its whole length, and a little milky 
adhesive fluid exudes. This action is not mechanical, 
or due to simple violence. The fissure runs up the 
whole length of-the roatellum, from the stigma beneath 
to the summit : at the Bummit the fissure bifurcates, 
and runs down the back of the roatellum on each side 
and round the stern of the boat-formed disc. Hence 
after this splitting action the boat-formed disc lies 
quite free, but embedded in a fork in the roatellum. 
The act of splitting apparently never takes place 
spontaneously. I covered a plant with a net, and after 
five of the flowers had fully expanded they were, kept 
protected for a week : I then examined their rostella, 
and not one had split; whereas almost every flower 
on the surrounding and uncovered spikes, which would 
almost certainly have been visited and touched by 
insects, had their rostella fissured, though they had 
been open for only twenty-four hours. Exposure for 
two minutes to the vapour of a little chloroform causes 
the rostellum to split ; and this we shall hereafter see 
is likewise the case with some other Orchids. 

When a bristle is laid for two or three seconds in the 
furrow of the rostellum, and the membrane has con- 
sequently become fissured, the viscid matter within 
the boat-formed disc, which lies close to the surface 
and indeed slightly exudes, is almost sure to glue the 
disc longitudinally to the bristle, and both are with- 
drawn together. When the disc, with the pollinia 
attached to it, is withdrawn, the two sides of the ros- 
tellum (fig. D), which have been described by some 
botanists as two distinct foliaceons projections, are left 
sticking up like a fork. This it the common eon- 
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dition of the flowers after Ihey have been upen for a 
day or two, and have beeu visited by insects. The 
fork soon withers. 

Whilst the flower is in bud, the back of the boat- 
formed disc is covered with a layer of large rounded 
cells, BO that the disc does not strictly form the exterior 
surface of the hack of the rostellum. These cells 
contain slightly viscid matter : they remain unaltered 
(as may be seen at flg. E) towards the upper end of 
the disc, but at the point where the pollinia are at- 
tached they disappear. Therefore I at one time con- 
cluded that the viscid matter contained in these cells, 
when they burst, serve to fasten the threads of the 
pollinia to the disc ; but, as in several other genera, 
in which a similar attachment has to bo effected, I 
could see no trace of such cells, this view may be 



The stigma lies beneath the rostellum, and projects 
with a sloping surface, as may be seen at B in the 
side-view : its lower margin is rounded and fringed 
with hairs. On each side a membrane (c/, B) extends 
from the edges of the stigma to the filament of the 
anther, thus forming a membranous cup or clinandrum, 
in which the lower ends of the pollen-masses lie safely 
protected. 

Each poUinium consists of two leaves of pollen, 
quite disconnected at their lower and upper ends, but 
united for about half their length in the middle by 
elastic threads. A very alight modification would 
convert the two pollinia into four distinct masses, as 
occurs in the genua Malaxis and in many foreign 
Orchids. Each leaf consists of a double layer of 
pollen -grains, joined by fours together, and these 
united by elastic threads, which are more numerous 
along the edges of the leaves, and converge at the 
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Bummit of the pollini'jni. The leaves are very brittle, 
and, when placed on the adhesive stigma, large pieces 
are easily broken off. 

Long before the flowRr expands, the anther-eells, 
which are pressed against the back of the rostellum, 
open in their upper part, sd that the included pollinia 
come into contact with the back of the boat-iormed 
disc. The projecting threads then become firmly 
attached to rather above the middle part of the back 
of the disa The anther-cells afterwards open lower 
down, and theii membranous avails contract and be- 
come brown ; so that by the time the flower is fully 
expanded the upper part of the pollinia lie quite 
naked, with their bases resting in a little cup formed 
by the withered anther-cell, and laterally protected by 
the clinandrum. As the pollinia thus lie loose, they 
are easily removed. 

The tubular flowers are elegantly arranged in a 
spire round the spike, and project from it horizontally 
(fig. A). The labellum is channelled down the middle, 
and is furnished with a reflexed and fringed lip, on 
which bees alight ; its basal internal angles are pro- 
duced into two globular processes, which secrete an 
abundance of nectar. The nectar is collected (n, fig. 
B) in a small receptacle in the hjwer part of the 
labellum. Owing to the protuberance of the inferior 
margin of the stigma and of the two lateral infiexed 
nectaries, the orifice into the nectar-receptacle is 
much contracted. When the flower first opens the 
receptacle contains nectar, and at this period the 
front of the rostellum, which is slightly furrowed, 
lies close to the channelled labellum ; consequently 
a passage is left, but so narrow that only a fine bristle 
can be passed down it. In a day or two the column 
moves a little farther from the labellum, and a wider 
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is left tor insects to deposit poUeu on the 
stigmatio surface. On this slight movement of the 
column the fertilisation of the flower absolutely 
depends.' 

With most Orchids the flowers remain open for 
some time before they are visited by insects ; but 
with Spiranthes I have generally found the boat- 
formed discs removed very soon after their expansion, 
for example, in the two last spikes which I happened 
to examine there were numerous buds on the summit 
of one, with only the seven lowest flowers expanded, 
of which sis had their discs and poUinia removed; 
the other spike had eight expanded flowers, and the 
pollinia of all were removed. We have seen that when 
the flowers first open they would be attractive to 
insects, for the receptacle already contains nectar; 
and at this period the rostellum lies so close to the 
channelled labellum that a bee could not pass down 
its proboscis without touching the medial furrow of 
the rostellum. Thia I know to be the case hy repeated 
trials with a bristle. 

We thus see how beautifully everything is contrived 
that the pollinia should be withdrawn by insects visit- 
ing the flowers. They are already attached to the 
disc by their threads, and, from the early withering 
of the anther-cells, they hang loosely suspended but 
protected within the clinandrum. The touch of the 
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proboscia causes the rostellum to split in front and 
behind, and frees the long, narrow, boat-formed disc, 
which is filled with extremely viscid matter, and is sure 
to adhere longitudinally to the proboscis. When the 
bee flies away, so surely will it carry away the polUnia. 
As the pollinia are attached parallel to the disc, they 
adhere parallel to the proboscis. When the flower 
first opens and is best adapted for the removal of the 
pollinia, the labellnm lies so close to the rostellnm, 
that the pollinia attached to the proboscis of an insect 
cannot possibly be forced into the passage so as to 
reach the stigma; they would be either upturned or 
broken off: but we have seen that after two or three 
days the column becomes more reflexed and moves 
from the labellum, — a wider passage being thus left. 
When I inserted the pollinia attached to a fine bristle 
into the nectar-receptacle of a flower in this condition 
(n, fig. B), it was pretty to see how surely the sheets 
of pollen were left adhering to the viscid stigma. It 
may be observed in the diagram, B, that owing to the 
projection of the stigma, the orifice into the nectar- 
receptacle (ra) lies close to the lower side of the flower; 
insects wonld therefore insert their proboscides along 
this lower side, and an open space above is thus left 
for the attached pollinia to be carried down to the 
stigma, without being brushed off. The stigma evi- 
dently projects so that the ends of the pollinia may 
strike against it. 

Hence, in Spiranthes, a recently expanded flower, 
which has its pollinia in the best atate for removal, 
cannot be fertilised ; and mature flowers will be ferti- 
lised by pollen from younger flowers, borne, as we 
shall presently see, on a separate plant. In con- 
formity with this fact the stigmatic surfaces of the 
older flowers are far more viscid than those of the 
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younger flowers. Nevertheless, a flower which in its 
early state had not been visited by insects would not 
necessarily, in its later and more expanded condition, 
have its pollen wasted: for insects, in inserting and 
withdrawing their probosoides, bow them forwards or 
upwards, and would thus often strike the furrow in the 
natellum. I imitated this action with a bristle, and 
often succeeded in withdrawing the pollinia from old 
flowei'S. I was led to make this trial from having at 
first chosen old flowers for examination ; and on passing 
a bristle, or fine cnlm of grass, straight down into 
the nectary, the pollinia were never withdrawn ; but 
when it was bowed forward, I succeeded. Flowers 
which have not had their pollinia removed can be 
fertilised as easily as those which have lost them ; and 
I have seen not a few cases of flowers with their 
pollinia still in place, with sheets of pollen on their 
stigmas. 

At Torquay I watched for about half an hour a 
number of tliese flowers growing together, and saw 
three hnmble-bces of two kinds visit them. I caught 
one and examined its proboscis : on the superior 
lamina, some little way from the tip, two perfect 
pollinia were attached, and three other boat-formed 
discs without pollen ; so that this bee had removed 
the pollinia from five flowers, and had probably left 
the pollen of three on the stigmas of other flowers. 
The next day I watched the same flowers for a quarter 
of an hour, and caught another humble-bee at work ; 
one perfect pollinium and four boat-formed discs ad- 
hered to its proboscis, one on the top of the other, 
showing how exactly the same part of the rostellum 
had each time been touched. 

The bees always alighted at the bottom of the 
spike, and, crawling spirally np it, sucked one flower 
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after the other. 1 believe bumblu-beea generally act 
in this manner when visiting a dense spike of flowers, 
as it 13 the most convenient method ; un the same 
principle that a woodpecker alwuye climbs np a tree in 
search of insects. This seems an insignificant observa- 
tion ; but see the resolt. In the early morning, when 
the bee starts on her rounds, let us suppose that she 
alighted un the summit of a spike ; she would cei^ 
taiuly extract the pollinia from the uppermost and 
last opened flowers ; but when visiting the next suc- 
ceeding flower, of which the column in all probability 
would not as yet have moved from the labellum (for 
this is slowly and very gradually eff'ected), the pollen- 
masses would be brushed ol!f her proboscis and wasted. 
But nature suffers no such waste. The bee goes first 
to the lowest flower, and, crawling spirally up the 
spike, effects nothing on the first spike which she 
visits till she reaches the upper flowers, and then she 
withdraws the poUiuia. She soon flies to another plant, 
and, alighting on the lowest and oldest flower, into 
which a wide passage will have been formed from the 
greater reflexion of the column, the pollinia strike the 
protuberant stigma. If the stigma of the lowest flower 
has already been fully fertilised, little or no pollen 
will be left on its dried surface ; but on the next 
succeeding flower, of which the stigma is adhesive, 
large sheets of pollen will be left. Then as soon as 
the bee arrives near the summit of the spike she will 
withdraw fresh pollinia, will fly to the lower flowers 
on another plant, and fertilise them ; and thus, as she 
goes her rounds and adds to her store of honey, she 
continually fertilises fresh flowers and perpetuates the 
race of our autumnal Spiranthes, which will yield 
honey to future generations of bees. 

8pirantk£s australis. — This species, an inhabitant 
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of Australia, has been described and figured by Mr. 
Fitzgerald.* The flowers are arranged on the spike 
in the same manner as in & autumnalis; and the 
labellum with two glands at its base closely resembles 
that of our species. It is therefore an extraordinary 
fact that Mr. Fitzgerald could not detect even in the 
bud any tiatie of a rostelluni or of viscid matter. He 
states that the polHnia touch the upper edge of the 
stigma, and fertilise it at an eurly age. Protecting a 
plant from the access of insects by a bell-glass made 
no difference in its fertility; and Mr. Fitzgerald, 
though he examined many flowers, never noticed the 
slightest derajigement of the puUiniaj or any pollen 
on the surfaces of the stigmas. Here then we have 
ft species which fertilises itself as regularly as does 
Ophrys apifBra. It would, however, be desirable to 
ascertain whether insects ever visit the flowers, which 
it may be presumed secrete nectar, as glands are 
present; and any such insects should be examined, so 
as to make certain that pollen does not adhere to some 
part of their bodies. 

Listera ovata, or Tway-blade. — This Orchid is one 
of the most remarkable in the whole order. The 
atmcture and action of tha rostellum has been the 
subject of a valuable paper in the ' Philosophical 
Transactions,' by Dr. Hooker,t who has described 
minutely and of conrae correctly its curious structure ; 
he did not, however, attend to the pjirt which insects 
play in the fertilisation of the flowers. C. K Sprengel 
well knew the importance of insect-agency, but he 
misunderstood both the structure and the action of 
the rostellum. 

The rostellum is of large size, thin, or foliaceoua, 
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it is divided by longitudinal septa into a series of 
loculi, which contain viscid matter and have the power 
of violently expelling it. These locnli show traces of 
their original celluJar structure. I have met with this 
structure in no other genua except iu the closely 
allied Neottia. The anther, situated behind the ros- 
tellum and protected by a broad expansion of the top 
of the column, opens in the bud. When the flower is 
fully expanded, the pollinia are left quite free, sup- 
ported behind by the anther-cells, and lying in front 
against the concave back of the lostellum, with their 
upper pointed ends resting on its crest. Each pol- 
linium is almost divided into two masses. The pollen- 
grains are attached together in the usual manner by 
a few elastic threads ; but the threads are weak, and 
large masses of pollen can he broken off easily. After 
the flower has long remained open, the pollen becomes 
more friable. The labellum is much elongated, con- 
tracted at its base, and bent downwards, as represented 
in the drawing ; the upper half above the bifurcation 
ia furrowed along the middle ; and the borders of this 
furrow secrete much nectar. 

As soon as the flower opens, if the crest of the 
rostellum be touched ever so lightly, a large drop 
of viscid fluid is instantaneously expelled ; and this, 
as Dr. Hooker has shown, is formed by the coalescence 
of two drops proceeding from two depressed spaces on 
each side of the centre. A good proof of this fact 
was afforded by some specimens kept in weak spirits 
—of wine, which apparently had expelled the viscid 
matter slowly, and here two separate little spherical 
balls of hardened matter had been formed, attached to 
the two pollinia. The fluid ia at first slightly opaque 
and milky; but on exposure to the air for less than 
a second, a film forms over it, and iu two or three 
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seconds the whole drop sets hard, soon aasummg; a 
purplish-brown tint. So exquisitely sensitive is the 
tostellum, that a tout^h from the thinnest human hair 
suffices to cause the esplosion. It will take place 
onder water. Exposure to the vapour of chloroform 
for about one minute also caused an explosion; but 
the vapour of sulphuric ether did not thus act, though 
one flower was exposed for five, and another for 
twenty minutes to a strong dose. The roatellum of 
these two flowers when afterwards touched exploded in 
the usual manner, so that sensitiveness had not been 
lost in either case. The viscid fluid when pressed 
between two platfis of glass before it has set hard is 
seen to be structureless ; but it has a reticulated 
appearance, perhaps caused by the presence of glo- 
bules of a denser immersed in a thinner fluid. As the 
pointed tips of the poUinia lie on the crest of the 
rostellum, they are always caught by the exploded 
drop : I have never seen this once to fail. So rapid 
is the explosion and so viscid the fluid, that it is 
difficult to touch the rostellum with a needle, however 
quickly this may be done, without removing the 
pollinia. Hence, if a bunch of flowers be carried 
home in the hand, some of the sepals or jiotals will 
almost certainly touch the rostellum and withdraw the 
pollinia ; and this gives the false appearance of their 
having been ejected to a distance. 

After the anther-cells have opened and the naked 
pollinia have been left resting on the concave back of 
the rostellum, this latter organ curves a little fotwardfl, 
and perhaps the anther also moves a little backwards. 
This movement is of much importance : if it did not 
occur, the tip of the anther, within which the pollinia 
are lodged, would be caught by the exploded viscid 
matter, and the pollinia would be for ever locked up 
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and rendered useless. I once found an injured flower 
which had been pressed and had exploded before fully 
expanding, and the anther with the enclosed polleo- 
masaes was permanently glued to the crest of the ros- 
tellum. The rostellum, which is naturally somewhat 
arched over the stigma, quickly bends forwards and 
downwards at the moment of the explosion, so as then 
to stand (fig. B) at right angles to the surface of the 
stigma. The pollinia, if not removed by the touching 
object which causes the explosion, become fixed to the 
rostellum, and by its movement are likewise drawn a 
little forward. If their lower ends are now freed by a 
needle from the anther-cells, tbey spring up ; but they 
are not by this movement placed on the stigma. In 
the course of some hours, or of a day, the rosteUum 
not only slowly recovers its original slightly-arched 
position, but becomes quite straight and parallel to 
the stigmatic surface. This backward movement of 
the rostellum is of service ; for if after the explosion it 
had remained permanently projecting at right angles 
over the stigma, pollen could not readily have been 
deposited by insects on the viscid surface of the 
stigma. When the rostellum is touched so quickly 
that the pollinia are not removed, they are, as I have 
just said, drawn a little forward ; but by the subse- 
quent backward movement of the rostellum they are 
pushed back again into their original position. 

From the account now given we may safely infer 
how the fertilisation of this Orchid is effected. Small 
insects alight on the labellum for the sake of the 
nectar copiously secreted by it ; as they lick this they 
slowly crawl up its narrowed surface until their heads 
stand directly beneath the overarching crest of the 
rostellum ; when they raise their heads they touch the 
crest; this then explodes, and the pollinia are instantly 
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and firmly cemented to their hetiils. As soon aa the 
insect flies away, it withdraws the pollinia, carries 
them to another flower, and there leaves masses of the 
triable pollen on the adhesive stigma. 

In order to witness what I felt sure vonld take 
place, I watched for an hour a group of plants on 
three occasions; each time I saw numerous speci- 
mens of two small Hymenopteroua insects, namely, a 
HEomiteles and a Cryptus, flying about the plants and 
licking up the nectar; most of the flowers, which were 
risited over and over again, already had their pollinia 
removed, but at last I saw both these species crawl 
into younger flowers, and suddenly retreat with a pair 
of bright yellow pollinia sticking to their foreheads ; I 
caught them, and found the point of attachment waa to 
the inner edge of the eye; on the other eye of one 
epeoimen there was a ball of the hardened viscid 
matter, showing that it had previously removed 
another pair of pollinia,auJ in all probability had subse- 
quently left them on the stigma of a flower. As these 
insects were captured, I did not witness the act of fertili- 
sation ; but Sprengel saw a Hymenopteroua insect 
leave its pollen-mass on the stigma. My son watched 
another bed of this Orchid at some miles' distance, and 
brought me hume the same Hymenopterons insects 
with attachi^d pollinia, and he saw Diptera also 
visiting the flowers. He was struck with the number 
of spider-webs spread over these plants, as if the 
spiders were aware how attractive the Listera was to 
insects. 

To show how delicate a touch suffices to cause 
the rostuUum to explode, I may mention that I found 
an extremely minute Hymenopterons insect vainly 
struggling to escape, with its head cemented by the 
hardened viscid matter, to the crest of the rostellum 
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and to the tips of the pollinia. The insect was not 
so large as one of the pollinia, und after causing the 
explosion had not strength enough to remove them; 
it was thus punished for attempting & work beyond 
its strength, and perished miserably. 

In Spiranthes the young flowers, which have their 
pollinia in the best state for removal, cannot possibly 
be fertilised ; they must remain in a virgin condition 
until they are a little older and the column has 
moved away from the labelium. Here the same end 
is gained by widely different means. The stigmas of 
the older flowers are more adhesive than those of the 
younger flowers. These latter have their pollinia 
ready for removal ; but immediately after the rostellum 
has exploded, it curls forwards and downwards, thus 
protecting the stigma for a time ; but it slowly be- 
tsomes straight again, and now the mature stigma is 
left freely exposed, ready to be fertilised. 

I wished to know whether the rostellum would 
explode, if never touched ; but I have found it difficult 
to ascertain this point, as the flowers are highly at- 
tractive to insects, and it is scarcely possible to exclude 
very minute ones, the touch of which suffices to cause 
the explosion. Several plants were covered by a net 
and left till the surrounding plants bad set their 
capsules; and the rostella in most of the covered-up 
flowers were found not to have exploded, though their 
Htigmos were withered, and the pollen mouldy and 
incapable of removal. Some few of the very old 
flowers, however, when roughly touched, were still 
capable of a feeble explosion. Other flowers under 
the nets had exploded, and they had the tips of their 
pollinia fixed to the crest of the rostellum ; but whether 
these had been touched by some minute insei't, or had 
exploded spontaneously, it was impossible to deter- 
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mine. It should be observed, that although I looked 
carefully, not a grain of poUen could be found on the 
stigmfls of uny of these flowers, and their ovaria had 
not swollen. During a subsequent year, several plants 
were again covered by a net, and I found that the 
roatellum lost its power of explosion in about four 
days ; the viscid matter having turned brown within 
the loeuli of the rostellum. The weather at the time 
was unusually hot, and this probably hastened the 
process. After the four days the poUen bad become 
very incoherent, and some had fallen on the two 
corners, and even over the whole surface of the stigma, 
which was penetrated by the pollen-tubes. But the 
scattering of the pollen was largely aided by, and 
perhaps wholly depended on, the presence of Thrips 
— insects so minute that they could not be excluded 
by any net, and which abounded on the flowers. This 
plant, therefore, is capable of occasional self-fertilisa- 
tion, if the access of winged insects be prevented ; bat 
I have every reason to believe that this occurs very 
rarely in a state of nature. 

That insects do their work of cross-fertilisation 
effectually is shown by the following cases. The 
seven upper flowers on a young spike with many 
unexpanded buds, still retained their pollinia, bat 
these had been removed from the ten lower flowers ; 
and there was pollen on the stigmas of six of them. 
In two spikes taken together, the twenty-seven lower 
flowers all had their pollinia removed, and had pollen 
on their stigmas; these were succeeded by five open 
flowers with the pollinia not removed and without any 
pollen on the stigmas ; and these were succeeded by 
eighteen buds. I^astly, in an older spike with forty- 
four fully expanded flowers, the pollinia had been 
removed from every single one ; and there was pollen. 
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generally in large quantity, on all the stigmas which 
I esamined. 

I will recapitulate the several special adaptations 
for the fertilisation of this plant. The antiier-cells 
open early, leaving the pollen-masses free, proteeled 
by the summit of the column, and with their tips 
resting on the concave crest of the rostellum. The 
rostellum then slowly curves over the stigmatic 
surface, so that its explosive crest standa at a little 
distance from the summit of the anther ; ami this 
is very necessary, otherwise the summit would be 
caught by the viscid matter, and the pollen for ever 
locked up. The curvature of the rostellum over the 
stigma and over the base of the labellum is excellently 
adapted to favour an insect striking the crest when it 
raises its head, after having crawled up the labellum 
and licked the last drop of nectar. The labellum, as 
C. E. Sprengel has remarked, becomes narrower where 
it joins the column beneath the rostellum, so that 
there is no risk of an insect going too much to either 
Bide, The crest of the rostellum is so exquisitely 
sensitive, that a touch from a very minute insect 
causes it to rupture at two points, and instantly two 
drops of viscid iluid are expelled, which coalesce. This 
Tiscid fluid sets hard in so wonderfully rapid a manner 
that it rarely fails to cement the tips of the pollinia, 
nicely laid on the crest of the rostellum, to the fore- 
head of the touching insect. Aa soon as the rostellum 
has exploded it suddenly curves downwards so as to 
project at right angles over the stigma, protecting it 
from impregnation at an early age, in the same manner 
as the stigmas of the young flowers of Spiranthes are 
protected by the labellum clasping the column. But 
OS the column of Spiranthes after a time moves from 
the labellum, leaving a free passage for the introduo- 
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tion of the pollima, so here the lostelltim moves hack- 
wards, and not only recorers its former arched position, 
but stands upright, leaving the atigmatic surface, now 
rendered more adhesive, perfectly free for pollen to be 
left on it. The pollen-masses, when once cemented to 
an insect's forehead, will remain attatihed to it, until 
they are brought into contact with the stigma of a 
mature flower ; and then these encumbrances will be 
removed, by the rupturing of the weak elastic thteeida 
which tie the grains together ; the flower being at the 
SEune time fertilised. 

lAsiera cordtUa. — Professor Dickie of Aberdeen waa 
80 kind as to send me, but rather too late in the 
season, two sets of specimens. The flowers have essen- 
tially the same structure as in the last species. The 
loculi of the rostellum are very distinct. Two or three 
little hairy points project from the middle of the crest 
of the rostellum ; but I do not know whether these 
have any functional importance. The labellum has 
two basal lobes (of which vestiges may be seen in 
L. ovata) which curve up on each side ; and these 
would compel an insect to approach the rostellum 
straight in front. In two of the flowers the poUinia 
were firmly cemented to the crest of the rostellum ; 
but in almost all the others the pollinia had been 
previously removed by insects. 

In the following year Professor Dickie observed the 
flowers on living plants, and he informs me that, when 
the pollen is mature, the crest of the rostellum is 
directed towards the labellum, and that, as soon aa 
touched, the viscid matter explodes, the pollinia becom- 
ing attached to the touching object ; after the explosion, 
the rostellum bends downwards, thus protecting the 
virgin stigmatic surface ; subsequently it rises up and 
exposes the stigma ; sc that here everything goes on 
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as 1 have described under lAstera ovafa. The flowers 
are frequented by minute Diptera and Hymenoptera, 

NeoUia nidus-avis. — I made numerous observations 
on this plant, the Bird's-neat Orchis,* but they are not 
worth giving, as the action and structure of every 
part is almost identically the same as in lAstera ovala 
and tordata. On the crest of the rostelluin there are 
about six minute rough points, which seem particularly 
eensitive to a touch, cansaug the expulsion of the 
viscid matter. The exposure of the rostellum to the 
vapour of sulphuric ether for twenty minutes did not 
prevent this action, when it was touched. The label- 
lum secretes plenty of nectar, which I mention merely 
as a caution, because during one cold and wet season 
I looked several times and conld not see a drop, and 
was perplexed at the apparent absence of any attrac- 
tion for insects ; nevertheless, had I looked more per- 
severingly, perhaps I should have found some. 

The flowers must be freely visited by insects, for 
all in one large spike had their pollinia removed. 
Another unusually fine spike, sent me by Mr. Oxenden 
from South Kent, had borne forty-one flowers, and it 
produced twenty-seven large seed-capsulea, besides 
some smaller ones. Dr. H. Miiller of Lippstadt in- 
forms me that he has seen Diptera sucking the nectar 
and removing the pollinia. 

The pollen-masses resemble those of Listera, In 
consisting of compound grains tied together by a few 
weak threads ; they differ in being much more inco- 
herent ; after a few days they swell and overhang the 
sides and summit of the rostellum ; so that if the roa- 
tellum of a rather old flower be touched and an explo- 
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sion caused, the pollen-masses are not so neatly caught 
by their tips as those of Listera. Thus a good deal of 
the friable pollen is ofteu left behind in the anther- 
cells and is apparently wasted. Several plants were 
protected from the access of winged insects by a net, 
and after four days the rostelk bad almost lost theii 
sensitiveness and power to explode. The pollen had 
become extremely incoherent, and in all the flowers 
much had fallen on the stigmas which were penetrated 
by the pollen-tubes. The spreading of the pollen 
seems to be in part caused by the presence of Thrips, 
many of which minute insects were crawling about the 
flowers, dusted all over with pollen. The covered-up 
plants produced plenty of capsules, but many of these 
were much smaller and contained fewer seeds than 
those produced by the adjoining uncovered plants. 

If insect* had been forced by the labellum being 
more upturned to brush against the anther and stigma, 
they would always have been smeared with the pollen 
as soon as it became friable ; and they would thus 
have fertilised the flowers efl'ectually without the aid 
of the explosive rostellum. This conclusion interested 
me, because, when previously examining Cephalan- 
thera, with its aborted rostellum, its upturned label- 
lum and friable polleu, I had speculated how a transi- 
tion, with each gradation useful to the plant, could 
have been effected from the state of the pollen in the 
similarly constructed flowers of Epipactis, with their 
polliiua attached to a well-developed rostellum, to the 
present condition of Cephalanthera. Neottia nidta- 
avis shows us how such a transition might have been 
effected. This Orchid is at present mainly fertilised 
by means of the explosive rostellum, which acts effec- 
tually only as long as the pollen remains in mass ; 
but we have seen that as the flower grows old the 
pollen ewelk and becomes friable, and ia then apt to 
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fall or be transported by minute crawling insects on 
to the stigma. By this means self-fertilisation is 
assured, should larger insects fail to visit the flowers. 
Moreover, the pollen in this state readily adheres to 
any object; so thitt by a alight change in the shape of 
the flower, which is already less open or more tubular 
than that of Listera, and by the pollen becoming 
friable at a still earlier age, its fertilisation would be 
tendered more and more easy without the aid of the 
explosive rostellum. Ultimately it would become a 
superfluity ; and then, on the principle that every part 
which is not brought into action tends to disappear, 
from causes which I have elsewhere endeavoured to 
explain,* this would happen with the rostellum. We 
should then see a new species, in the condition of 
Cephalanthera as far as its means of fertilisation were 
concerned, but in general structure closely allied to 
Neottia and Listers. 

Mr. Fitzgerald, in the introduction to his ' Austra- 
lian Orchids,' says that Thelymitra earnea, one of 
the Neotteie, invariably fertilises itself by means of the 
incoherent pollen falling on the stigma. Nevertheless 
a viscid rostellum, and other structures adapted for 
cross-fertilisation are present. The flowers selilom 
expand, and never until they have fertilised them- 
selves; so that they seem tending towards a cleisto- 
gene condition. Thelymitra- longifdia is likewise fer- 
tilised in the bud, according to Mr. Fitzgerald, but 
the flowers open for about an hour on fine days, and 
thus cross-fertilisation is at least possible. On the 
other hand, the species of the allied geuus Diuris are 

I said to be wholly dependent on insects for their 

I fertilisation. 



KALAXEJ! AND EPIDENDHEJl, 

HalaiiBpaladosa— Masdetallia,ciuianB (closed llowen — Bolbopfayllmn, 
lobellumkept in oonBtBiit raovemeDt by every breiith of air — Dandra- 
bium, wintriTftDce for s«lf-fertUiBation— Catlleya, flim|jla la 
fertilisation— Eitidend r uni — Self-fertile Epiduodreie. 

I HAVE uow described the manner of fertilisation of 
fifteen genera, found in Britain, which belong, accord- 
ing to Lindley's classification, to the OphreiE, Arethn- 
sete, and Neotteie- A brief acoount of several foreign 
genera belonging to these same tribes has been added, 
&om observations published since the appearance of 
the first edition of this book. We will now turn to ■ 
the great exotic tribes of the MalaseEe, Epidendrete, 
and Vandere, which ornament in so wonderful a 
manner the tropical forests. My chief object in 
examining these latter forms has been to ascertain 
whether their flowers were as a general rule fertilised 
by pollen bronght by insects from another plant. J 
also wished to learn whether the polliiiia underwent 
those cuiious movements of depression by which, as 
I had discovered, they are placed, after being removed 
by insects, in the proper position for striking the 
stigmatic surface. 

By the kindness of many friends and strangers T 
have been enabled to examine fresh flowers of several 
species, belonging to at least fifty exotic genera, in 
the several snb-tribes of the above three great tribea.* , 

• I am particalftrly imlebttd to Dr, Honker, who on every o 
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I It is not my intention to describe the means of fertili- 
[ Bation in alt these genera, but merely to select a lew 
I cuiioua cases which illustrate the foregoing descrip- 
I tioDS. The diversity of the contrivances adujited to 
I favour the intercrossing of flowers, eeema to be ex- 
f haustless. 



Malaxis paludosa.—This rare orchid* is the sole 

i representative of the tribe in this country, and it is 

I the smallest of all the British species. The lnhellum 

' is turned upwards,t instead of downwards, so that it 

does not afford a lauding- place for insects as in most 

other Orchids. Its lower margin clasps the column, 

making the entrance into the flower tubular. From 
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its position it partially protectH the organs of fructi- 
fication (fig. 19), In most of the Orchideae, the upper 
flepal and the two upper petals afford protection ; but 
here these two petals and aU the sepals are reflexed 
(as may be seen in the drawing, fig. A), apparently to 
aUow insects freely to visit the flower. The position 
of the labellum ia the more remarkable, because it 
has been purposely acquired, as shown by the ovarium 
being spirally twisted. In all Orchids the labellum 
is properly directed upwards, but assumes its usual 
position on the lower aide of the flower by the twist- 
ing of the ovarium ; but in Malasis the twisting has 
been carried so far that the flower occupies the posi- 
tion which it would have held if the ovarium had 
not been at all twisted, and which the ripe ova- 
rium afterwards assumes, by a process of gradual 
untwisting. 

When the minute flower is dissected, the column ia 
seen to be longitudinally tripartite ; the middle 
portion of the upper half (see fig. B) is the rostellum. 
The upper edge of the lower part of the column 
projeets where united to the base of the rostellum, 
and forms a rather deep fold. This fold is the stig- 
matic cavity, and may be compared to a waistcoat- 
pocket. I found poUen-masaes which had their broad 
ends pushed by insects into this pocket ; and a 
bundle of pollen-tubes had here penetrated the 
stigmatic tissue. 

The rostellum, which stands immediately above the 
I Btigmatic cavity, is a tall-membranous projection of a 
L vhitish colour, formed of square cells, and is covered 
t Tidth a thin layer of viscid matter : it is slightly con- 
\ Cave posteriorly, and its crest is surmounted by a 
I minute tongue-shaped mass of viscid matter. The 
Veolumn, with its narrow pocket-like stigma and the 
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roBteliiim above, is united on each, side behind to a 
green membranous expansion, convex exteriorly and 
concave interiorly, of which the summits on each side 
are pointed and stand a little above the crest of the 
rostellum. Theae two membranes sweep round (see 
back views, iigs. C and D), and are united to the 
filament or base of the anther ; they thus form a cup- 
like clinandrum behind the rostellum. The use of this 
cup is to protect laterally the pollen-masses. When 
I have to treat of the homologies of the different parts, 
it will be shown by the course of the spiral vessels 
that these two membranes consist of the two upper 
anthers of the inner whorl, in a rudimentary condition, 
but utilised for this special purpose. 

In a flower before it expands, a little mass or drop 
of viscid fluid may be seen on the crest of the ros- 
tellum, rather overhanging its front surface. After 
the flower has remained open for a little time, this 
drop shrinks and becomes more viscid. Its chemical 
nature ia different from that of the viscid matter in 
moat Orchids, for it remains fluid for many days, 
though fully exposed to the air. From these facts 
I concluded that the viscid fluid exuded from the 
crest of the rostellum ; but fortunately I examined 
a closely-allied Indian form, namely, the Microgtylia 
rhedii (sent me from Kcw by Dr. Hooker), and in 
this, before the flower opened, there was a similar drop 
of viscid matter ; but on opening a still younger bud, 
I found a minute, regular, tongue-shaped projection 
on the crest of the roatellum, formed of cells, which 
when slightly disturbed resolved themselves into a 
drop of viscid matter. At this age, also, the front 
surface of the whole rostellum, between its crest and 
the pocket-like stigma, was coated with cells filled 
with similar brown viscid matter ; so that there can 
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be little doubt, had I examined a young enough bud 
of Malaxis, I should have found a similar minute 
toDgue-shaped cellular projection on the crest of the 
rostellum. 

The anther opens widely whilst the flower is in 
bud, and then shrirela and contracts downwards, so 
that, when the flower is fully expanded, the pollinia 
are quite naked, with the exception of their broad 
lower ends, which rest in two little cupg formed by 
the shrivelled anther-cells. This contraction of the 
anther is represented in fig. D in comparison with fig, 
C, which shows the state of the anther in a bud. 
The upper and much pointed ends of the pollinia 
rest on, but project beyond, the crest of the rostellum; 
in the bud they are unattached, but by the time the 
flower opens they are always caught by the posterior 
surface of the drop of viscid matter, of which the 
anterior surface projects slightly beyond the face of 
the rostellum. That they are caught without any 
mechanical aid I ascertained by allowing some buds 
to open in my room. In fig. E the pollinia are shown 
exactly as they appeared (but not quite in their 
natural position) when removed by a needle from a 
specimen kept in spirits of wine, in which the irre- 
gular little mass of viscid matter had l)ecome hardened 
and adhered firmly to their tips. 

The pollinia consist of two pairs of very thin leaves 

of waxy pollen ; and the four leaves are formed of 

angular compound grains which never separate. As 

the pollinia are almost loose, being retained merely by 

the adhesion of their tips to the viscid fluid, and by 

their bases resting in the shrivelled anther-cells, and 

I as the petals and sepals are much reflexed, the pollinia. 

I when the flower is fully expanded, would have been 

I liable to be blown away or out of their proper position, 
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had it not been fur the membianous expansiuas on 
each side of the culunia forming tlie clinandrum, 
within which they lie safely. 

When an insect inserts its proboscis or head into 
the narrow space between the upright labellum and 
the rostellum, it will infallibly touch the little pro- 
jecting viscid mass, and lis soon as it flies away it 
will withdraw the polUnia. I easily imitated this 
action by inserting any small object into the tubular 
flower between the labellum and rostellum. When 
the insect yisite another flower, the very thin pollen- 
leaves attached parallel to the proboscis, or head, will 
be forced into the pocket-like stigma with their broad 
ends foremost. I found polliuia in this position glued 
to the upper membruuous expansion of the rostellum, 
and with a large number of pollen-tubes penetrating 
the stigmatic tissue. The use of the thin layer of 
viscid matter, which coats the surface of the rostellum 
in this genus and in Microstylis, and which is of no 
use for the transportal of the pollen from flower to 
flower, seems to be to keep the leaves of pollen fixed 
in the narrow stigmatic cavity when their lower ends 
have been inserted by insects. This fact ia rather 
interesting under a homological point of view, for, as 
we shall hereafter see, the primordial nature of the 
viscid matter of the rostellum is that which is common 
to the stigmatic secretion of moat flowers, namely, the 
retention of the pollen, when placed by any means on 
its stigma. 

The flowers of the Malaxis, though 30 small and 
inconspicuoua, are highly attractive to insects. This 
was shown by the pollinia having been removed from 
all the flowers on the spikes which I examined, 
excepting from one or two close under the buds. In 
some old flower-spikes every single pollinium had 
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been carried away. Insects Bometimes remove only 
one of the two pairs. I noticed a flower with all four 
pollen-leaves still in place, with a single one in the 
atigmatic cavity; and this mnst clearly have been 
brought by some insect. Within the stigmas of many 
other flowera pollen-leaves were observed. The plant 
produces plenty of seed ; and thirteen of the twenty-one 
lower flowers on one spike had formed large capsules. 

We will now turn to some exotic genera. The pol- 
liuia of PleurothaUis proli/era and ligulata (?) have a 
minute caudicle, and mechanical aid is requisite to 
force the viscid matter from the under side of the 
rostellum into the anther, thus to catch the caudicles 
and remove the polliuia. On the other hand, in our 
British Malaxis and in Microstylts rhedii from India, 
the upper surface of the minute tongue-shaped ros- 
, tellum becomes viscid and adheres to the pollinia 
without any mechanical aid. This appeara likewise to 
be the case with Stdix raeemijlora, but the flowera were 
not in a good state for examination. I mention this 
latter flower partly because some insect in the hot- 
house at Eew had removed most of the pollinia, and 
bad left some of them adhering to the lateral stigmas. 
These curious little flowers are widely expanded and 
much. exposed; but after a time the three sepals close 
together with perfect exactness, so that it is scarcely 
possible to distinguish an old flower from a bud : yet, 
to my surprise, the closed flowers opened when im- 
mersed in water. 

The allied MasdevaSia fenestrata bears an extn^ 
ordinary flower. The three sepals instead of closing, 
as in the case of Stelis after the flower has remained 
for a time expanded, cohere together and never open. 
Two minute, lateral, oval windows (hence the name 
fenestrata), are seated high up the flower opposite each 
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other, and afford the only entrance ; but the presence 
of these two minute windows (fig. 20) shows how neces- 
sary it 18 that insects should visit the flower in this 
case as in that of most other Orchids. Hon insects 
perform the act of fertilisation I have failed to under- 
stand. At the bottom of the roomy and dark chamber 
formed by the closed sepals, the minute column stands, 
and in front of it is the furrowed labellum, with a 
highly flexible hinge, and on each side the two upper 
petals ; a little tube being thus formed. When there- 
_. fore a minute insect enters, or 

^^^r^^_. which is leas probable, a larger in- 
^^^^■^Hf sect inserts its proboscis through 
^^^Hjv either window, it has to find by 
^^^H|^r the sense of touch the inner tube 
^^^^^ in order tu reach the nectary at 

^^^B the base of the flower. Within 

^ — ■ the little tube, formed by the 

MiuiiKVALLii FENEB- coluDiQ, liibellum, and lateral 
IRAT4. petals, a broad and hinged rostel- 

■ liim projects at right angles, 
which can easily be upturned. 
Its under surface is vistiid, and 
this viscid matter soon acts hard and dry. The minute 
caudieles of the pollinia, projecting out of the anther- 
case, rest on the base of the upper membranous surface 
of the rostellum. The stigmatic cavity when mature 
is not very deep. After cutting away the sepals I 
vainly endeavoured, by pushing a bristle into the 
tubular flower, to remove the pollinia, but by the aid 
of a bent needle, this was efi'eeted without much 
difficulty. The whole structure of the flower seems 
as if intended to prevent the flower from being easily 
fertilised ; and this proves that we do not nnderstand 
its structure. Some small insect had entered one of 
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the flowers in the hothouse at Kew, for many eggs 
were deposited within it, near the base. 

Of Bolbophyllum I examined the curiouB little 
flowers of four species, which I will not attempt fully 
to describe. In B. eupreum and oocoinum, the upper and 
lower surfaces of the roatellum resolve themselves into 
viscid matter, which has to be forced upwards by insects 
into the anther, bo as to secure the poUinia. I effected 
this easily by passing a needle down the flower, which 
is rendered tubular by the position of the labellum, 
and then withdrawing it. In B. rhizophorie the anther- 
case moves backwards, when the flower is mature, 
leaving the two pollen-masses fully exposed, adhering 
to the upper surface of the roatellum. They are held 
together by viscid matter, and, judging from the 
action of a bristle, are always removed together. The 
stigmatic chamber is very deep with an oval orifice, 
which exactly fits one of the two pollen-masses. After 
the flower has remained open for sonic time, the sides 
of the oval orifice close in and shut the stigmatic 
chamber completely, — a fact which I have observed in 
no other Orchid, and which, 1 presume, is here related 
to tlie much exposed condition of the whole flower. 
When the two polliniit were attached to a needle or 
bristle, and were forced against the stigmatic chamber, 
one of the two glided into the small orifice more readily 
than could have been anticipated. Nevertheless, it is 
evident that insects must place themselves on suc- 
cessive visits to the flowers in precisely the same 
position, so as first to remove the two pollinia, and 
then force one of them into the stigmatic orifice. The 
two upper filiform petals would serve as guides to 
the insect ; but the labellum, instead of making the 
flower tubular, hangs down just like a tongue out of a 
widely open mouth. 
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The labellnm in all the species which I have seen, 
more especially in B. rhizophorse, is remarkable by 
being joined to the base of the column by a rery 
narrow, thin, white strap, which is highly elastic and 
flexible; it is even highly elastic when stretched, 
like an india-mbber band. When the flowers of this 
epeciea were blown by a breath of wind the tongne-like 
lahellu all oscillated to and fro in a very odd manner. 
In some species not seen by me, as in B. barhigentm, 
the labellnm is furnished with a beard of fine haira, 
and these are said to eauae the labellnm to be in 
aimost constant motion from the slightest breath of 
air. What the use can be of this extreme flexibility 
and liability to movement in the labellnm, i cannot 
conjecture, unless it be to attract the notice of insects, 
as the flowers of these species are dull-coloured, small, 
and inconspicuous, instead of being large, brightly- 
coloured, and conspicuous or odoriferous, as in so many 
other Orchids. The labella of some of the species are 
said to be irritable, but I could not detect a trace of 
this quality in those examined by me. According to 
Lindley, the labellnm of the allied Megaclinium faha- 
tum spontaneously oscillates up and down. 

The last genus of the Maloxese which I will mention 
is Dendrobium, of which one at least of the species, 
namely D. chrysanthum, is interesting, from being 
apparently contrived to eflfect its own fertilisation, if 
an insect, when visiting the flower, should fail to 
remove the pollen-masses. The rostellum has an 
upper and a small lower surface composed of mem- 
brane; and between these is a thick mass of milky- 
white matter which can be easily forced out. This 
white matter is less viscid than is usual ; but when 
vev it in less than 



exposed to the air a film forms < 



half a minute, and it s 



I sets into a waxy or cheesy 
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substance. The large cnncave but shallow stigmatic 
surface is seated beneath the rosteUum. The pro- 
duced anterior lip of the anther (aee A) almost entirely 
covers the upper surfaee of the rosteUum. The fila- 

Fig. 31. 




A. Literal view of flower, nith till 
Bother In its proper poeitiou, 
befiire tli* ejectioD of the pol- 
linls. All the lepnk and petnJs 

lam, which b luagitodiiully 
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allfinflertheBDthei' has ejectsd 
the pulliuia. 

C. Front view of cotnmn, showing 

the empty cells of the snther, 
after it hss ejected its pollini*. 
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ment of the anther ia of considerable length, but la 
hidden in the side view, A, behind the middie of the 
anther; in the section, B, it is seen, after it has 
Bprung forward : it is elastic, and presses the anther 
firmly down on the inclined surface of the clinan- 
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driun (see fig. B) whicli lies behind the rosteUum. 
When the flower is expanded the two pollinia, 
united into a single niasa, lie quite loose on the 
clinandrum and under the anther-case. The labellnm 
embraces the column, leaving a piisaage in front. The 
middle portion of the labellum {as may be seen in 
fig. A) is thickened, and extends up as far as the 
top of the stigma. The lowest part of the column 
is developed into a saucer-like nectary, which secretes 
honey. 

As an insect forces its way into one of these flowers, 
the Ittbellum, which is elastic, will yield, and the 
projecting lip of the anther will protect the rostellum 
from being disturbed; but as soon as the insect 
retreats, the lip of the anther will be lifted np, and 
the viscid matter from the rostellun) forced into the 
anther, gluing the pollen-mass to the insect, which 
will thus be transported to another flower. I easily 
imitated this action ; but as the pollen-masaes have 
no caudicle and lie rather far back within the clinan- 
drum beneath the anther, and as the matter from the 
rostellum is not highly viscid, they were sometimes 
left behind. 

Owing to the inclination of the base of the clinui- 
dntm, and owing to the length and elasticity of the , 
filament, as soon as the anther is lifted np it always 
springs forward, over the rostellum, and remains 
hanging there with its lower empty surface (fig, C) sus- 
pended over the summit of the stigma. The filament 
now stretches across the space (see fig. B) which 
was originally covered by the anther. Several times, 
having cut off all the petals and labellnm, and laid 
the flower under the microscope, I raised the lip of the 
anther with a needle, without disturbing the rostellum, 
and saw tlie anther assume, with a spring, the position 
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represented sideways in fig. B, and frontways in fig. 
C. By this springing action the anther scoops the 
pollinium out of the concave clinandrum, and pitches 
it up in the air, with exactly the right force so as ta 
fall down on the middle of the viscid stigma, where it 
adheres. 

Under nature, however, the action cannot be as thus 
described, for the labellum hangs downwards ; and to 
understand what follows, the drawing should be placed 
in an almost reversed position. If an insect failed to 
remove the pollinium by means of the viscid matter 
from the rostellum, the pollinium would first be jerked 
downwards on to the protuberant surface of the label- 
lum, placed immediately beneath the stigma. But it 
must be remembered that the labellum is elastic, and 
that at the same instant that the insect, in the act of 
leaving the flower, lifts up the lip of the anther, and 
so causes the pollinium to be shot out, the labellum 
will rebound back, and striking the pollinium will 
pitch it upwards, so as to hit the adhesive stigma, 
Twice I succeeded in effecting this by imitating the 
retreat of an insect, with the flower held in its natural 
position ; and on opening it, found the pollinium 
glued to the stigma. 

This view of the use of the elastic filament, seeing 
how complicated the action must be, may appear 
fanciful ; but we have seen so many and such curious 
adaptations, that I cannot believe the strong elasticity 
of the filament and the thickening of the middle part 
of the labellum to be useless points of structure. If 
the action be as I have described, we can perceive 
their meaning, for it would be an advantage to the 
plant that its single large pollen-mass shoiild not be 
wasted, supposing that it failed to adhere to an insect 
by means of the viscid matter from the rostellum. 
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Tbifl laintrivance is not. common to all the species of 
the genus ; for in neither D. h't/ibhum nor D.formoswm 
wus the tilamont of the anther elastic, not was the 
middle line of the labellum thickened. In D. tortile 
the filament is elastic ; but as I examined only a 
single flower, and before I had made out the structure 
of D. chrysanlkunt, I cannot say how it acts. 

Mr. Anderson states " that on one occasion the flowers 
of his Dendrobium cretaceutn did not expand, and yet 
they produced capsules, one of which he sent me. 
Almost all the numerous seeds in this capsule con- 
tained embryos, thus differing greatly from the cases 
presently to be given of the self-fertilised seeds from 
the nou-expanded flowers of a Cattlcya, Mr, Anderson 
remarks that Dendjobiums are the sole representatives 
of the Malaxes^ which, as far as he has seen, spon- 
taneously form capsules. He likewise states that in 
the immense group of the Vaudete, hereafter to be 
described, none of the species under his care, with 
the exception of some belonging to the sub-division 
of the Brassidaa and of Sctreanthus parishii, baa ever 
spontaneously produced a capsule. 

EPIDENDRES:. 

The EpidendrefB and Malaxes are characterised by 
the pollen-grains cohering into large waxy masses. 
In the latter of these groups the poUinia are said not 
to be furnished with caudicles, but this is not nni- 
versally the case, for they exist in MasilevaJlia fenea- 
irata and some other species in an efficient condition, 
although unattached and of minute size. In the 
Epidendreie, on the other hand, free or unattached 
caudicles are tlways present. For my purpose these 
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two great tribes might have been run together; as the 

distinction drawn from the presence of caudiclea does 
not always hold good. But difficulties of this nature 
are frequently encountered in the classifi cation of 
largely developed or so-called natural groups, in which 
there has been comparatively little extinction. 

I will begin with the genus Cattleya, of which 1 
have examined several species. These are fertilised 
in a very simple manner, different from that in any 
British Orchid. The rostellum (r, fig. 22, A, B) is a 
broad, tongue-shaped projection, which arches slightly 
over the stigma ; the upper surface is formed of smooth 
membrane; the lower surface together with the central 
portion (originally a mass of cells) consists of a very 
thick layer of viscid matter. This viscid mass is 
hardly separated from the viscid matter thickly coating 
the stigmatic surface which lies close beneath the ros- 
tellum. The projecting upper lip of the anther rests 
on, and opens close over the base of the upper mem- 
branoua surface of the tongue-shaped rostellum. The 
anther is kept closed by a spring, at its point of at- 
tachment on the top of the column. The pollinia 
consist of four (or eight in Catthya erispa) waxy 
masses, each furnished (see figs. C and D) with a 
ribbon-like tail, formed of a bundle of highly elastic 
threads, to which numerous separate pollen-grains are 
attached. The pollen therefore consists of two kinds, 
namely, waxy masses and separate though compound 
grains (each, as usual, consisting of four) united by 
elastic threads. This latter kind of pollen is identical 
with that of Epipactis and other Neottese." These tails, 
with their appended pollen-grains, act as eaudicles, 
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and are thus designated, fur they serve as the means 
for the removal of the larger waxy masses from the 
anther-cells. The tips of the eaudicles are generally 
rc-flexed, and in the mature flower protrude a little 

Fig. 23. 
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way out of the anther-caae (see fig. A) lying on the 
base of the upper membranous lip of the rostellum. 
The labellum enfolds the column, making the flower 
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tubular, and ita lower part ia produced into a nectary, 
which peuetrates the ovarium. 

Now for the action of these parts. If any body of 
size proportional to that of the tubular flower be 
forced into it — a dead humble-bee acts very well — the 
tongue-shaped rostellum is depressed, and the object 
often gets slightly smeared with viscid matter ; but 
in withdrawing it, the rostellum is upturned, and a 
surprising quantity of viscid matter is forced over the 
edges and sides, and at the same time into the lip of 
the anther, which ia also slightly raised by the up- 
turning of the rostellum. Thus the protruding tips 
of the caudiclea are instantly glued to the retreating 
object, and the pollinia are withdrawn. This hardly 
ever failed to occur in my repeated trials. A living 
bee or other large insect alighting on the fringed 
edge of the labellnm, and scrambling into the flower, 
would depress the labellnm and would be less likely 
to disturb the rostellum, until it had sucked the 
nectar and began to retreat. When a dead bee, with 
the four waxy balls of poUen dangling by their 
caudiclea from its back, is forced into another flower, 
some or all of them are caught with certainty by the 
broad, shallow, and highly viscid stigmatic surface, 
which likewise tears off the grains of pollen from the 
threads of the caudicles. 

That living humble-bees can thus remove the 
pollinia is certain. Sir W. C. Trevelyan sent to Mr. 
Smith of the British Museum a BowMs horiorvm, 
which was forwarded to me — caught in his hothonse, 
where a Cattleya was in floner — with its whole back, 
between the wings, smeared with dried viscid matter, 
and with the four pollinia attached to it by their 
caudicles, ready to be caught by the stigma of any 
other flower if the bee had entered one. 
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Those species which I have examined of LsUa, 
ieptotea, Sophronitis, Barkeria, Phaius, Evelyn a, 
FBletia, Chysia, and Ccelogyne, resemble Cattleya in 
the caiidiclea of the poUinia being free, and in the 
viacid matter from the rostellum not coming into 
contact with them without mechanical aid, as well as 
in their general manner of fertilisation. In Ccelogyne 
oristata the upper lip of the rostellum is much elon- 
gated, In Evelyna carivata and Chysis eight balls of 
waxy pollen are all united to a single eaudicle. In 
Barkeria the labellum, instead of enfolding the column, 
is pressed against it, and this would effectually compel 
insects to brush against the rostellum. In Epidendram 
we have a slight difference ; for the upper surface of 
the rostellum, instead of permanently remaining mem- 
branous, as in the above-named genera, is so tender 
that by a touch it breaks up, together with the whole 
lower surface, into a mass of viscid matter. In this 
case the whole of the rostellum, together with the 
adherent poUinia, must be removed by insects as they 
retreat from the flower. I observed in E. gtaucum that 
Tiscid matter exuded from the upper surface of the 
rostellnm when touched, as happens with Epipactia. 
In fact it is difficult to say, in these cases, whether 
the upper surface of the rostellum should be called 
membrane or viscid matter. With Chysis this matter 
sets nearly hard and dry in twenty minutes, and 
quite so in thirty minutes after its removal from the 
rostellum. 

In Rpidendrum Jtoribundum there is a rather greater 
difference : the anterior horns of the clinandrum (i. a 
the cup on the summit of the column in which the 
polliuia lie) approach each other so closely as to 
adhere to the two sides of the rostellum, which con- 
iquently lies in a nick, with the poUinia seated over 
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and aa, in this species, the upper surface of the 
rostellum resolves itself into viscid matter, the cau- 
diclea of the pollinia become glued to it without any 
mechanical aid. The pollinia, though thus attached, 
cannot, of course, be removed from their anther-cells 
without the aid of insects. In this species it seems 
possible (though, from the position of parts, not 
probable) that an insect might drag the pollinia out 
and leave them on the stigma of the same flower. In 
all the other species of Epidendrum which I examined, 
and in all the above-mentioned genera, it is evident 
that the viscid matter has to be forced upwards into 
the lip of the anther by a retreating insect, which 
would thus necessarily carry the pollinia ijrom one' 
flower to the stigma of another. 

Nevertheless, self-fertilisation takes place in some 
Epidendrete. Dr. Criiger says • that " we have in 
Trinidad three plants belonging to this family (a 
Schomburgkia, Cattleya, and Epidendron) which rarely 
open their flowers, and they are invariably found to be 
impregnated when they do open them. In these caaes 
it is easily seen that the pollen-masses have been acted 
on by the stigmatic fluid, and that the poUen-tubes 
descend from the pollen-masses in si'iw down into the 
ovarian canal." Mr. Anderson, a skilful cultivator of 
Orchids in Scotland, also states that several of his 
EpidendrefE fertilise themselves apoutaneously.t In 
the case of Cattleya crispa, the flowers sometimes do 
not expand properly ; nevertheless they produce cap- 
sules, one of which he sent to me. It contained an 
abundance of seeds, but on examination I found that 
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only about pne per cent, cpntained an embryo. S imila r 
seeds were more carefully examined by Mr. Gosse, who 
found that two per cent, contained an embryo. About 
twenty-five per cent, of the seeds from a self-fertilised 
capsule of Ltelia cinnabarina, also sent to me by 
Mr. Anderson, were found to be good. It ia therefore 
doubtful whether the capsules spontaneously self-ferti- 
lised in the West Indies, as described by Dr. Crnger, 
were fully and properly fertilised. Fritz Muller in- 
forms mo that he has discovered in South Brazil 
an Epidendrum which bears three pollen -producing 
anthers, and this is a great anomaly in the order. 
This species is very imperfectly fertilised by insects ; 
but by means of the two lateral anthers the flowers 
are regularly self-fertilised. Fritz Muller assigns good 
reasons for his belief that the appearance of the two 
additional anthers in this Fpidendrum, is a case of 
reversion to the primitive condition of the whole 
gronp.* 



* Bee also ' Bot. Zeitnng,' 1 
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Btraeture of ths rolninn and polliiiia — Importmice of the elasticit; of 
the pedioe!; its power of moyement—Blaaticity and strenetli of the 
oandinlcB — Calftiithe with latoral stigmaa, miinner of fertiliSBtion— 
AiigKBuum eesquipedalft. wooderful length of neotary— Species with 
the enfrani^ iatu the Btigii>atio chamber much contracted, eo that 
the pnllen-maBsee osa hardly be insetted— CorTaatheB,eitraordmftr7 
manner of fertiUBation. 

Wb now come to the immense tribe of the VandeaE, 
which includes many of the most magnificent produc- 
tioQ3 of our hothouses, but like the Ejiidendres has 
no British representative. I have examined twenty- 
nine genera. The pollen consists of waxy masses, aa 
in the two last tribes, and each hull of pollen is 
furnished with a caudicle, which becomes, ut an early 
period of growth, united to the rostellum. The cau- 
dicle is seldom attached directly to the viscid disc, as 
in most of the Ophrete, but to the upper and posterior 
surface of the rostellum ; and this part is removed by 
insects, together with the disc and pollen-masses. The 
sectional diagram (fig. 23), with the parts separated, 
will best explain the type-structure of the Vandese. 
Ab in the rest of the Orchidete there are three con- 
fluent pistils ; of these the dorsal one (2) forms the 
rostellum arching over the two others (3) which unite 
to form a siugle stigma. On the left hand wo have 
the filament (1) bearing the anther. The anther opens 
at an early period, aud the tips of the two caudicles 
(but only one caudicle aud one pollen-mass are re- 
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presented in the diagram) protrude in a not fully- 
hardened condition through a small slit, and adhere to 
the back of the rostellum. The upper surface of the 
rostellum ia generally hollowed out for the reception 
of the poll en -masses ; it is represented as smooth in 
the diagram, but is really often furnished with creata 

Fig. as. 

anther. Mndida 




or knobs for the attachment of the two caudicles. 
The anther afterwards opens more widely along its 
under surface, and leaves the two pollen-masses un- 
attached, excepting by their caiidicles to the rostellum. 
During an early period of growth, a remarkable 
change has been going on in the rostellum : either its 
extremity or its lower surface becomes excessively 
yiscid (forming the viscid disc), and a line of separa- 
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tion, at first appearing as a zone of hyaline tissue, is 
gradually formed, which sets free the disc, us well as 
the whole upper surface of the rostellum, as far back 
as the point of attachment of the caudicles. If any 
object now touches the viscid disc, it, together with 
the whole back of the rostellum, the caudicles and 
pollen-masses, can all be readily removed together. 
In botanical works the whole structure between the 
diBC or viscid stuftice (generally called the gland) and 
the balls of pollen is designated as the candicle ; but 
as these parts play an essential part in the fertilisation 
of the flower, and as they are fundamentally different 
in their origin and in their minute structure, I shall 
call the two elastic ropes, which are developed strictly 
within the anther-cells, the caudicles ; and the portion 
of the rostellum to which the caudicles are attached 
(see diagram), and which is not viscid, the pedicel. 
The viscid portion of the rostellum I shall call, as 
heretofore, the viscid surface or disc. The whole may 
be conveniently spoken of as the pollioium. 

In the Ophrete we have (except in 0. pyramidcdis 
and a few other species) two separate viscid discs. In 
the Vandete, with the exception of Angriecum, we have 
only one disc. The disc is naked, or is not enclosed 
in a pouch. In Habenaria the discs, as we have seen, 
are separated from the two caudicles by short drum- 
like pedicels, answering to the single and generally 
much more largely developed pedicel in the Vandeie. 
In the Ophreie the caudicles of the polliniaj though 
elastic, are rigid, and serve to place the packets of 
pollen at the right distance from the insect's head or 
proboscis, bo as to reach the stigma. In the Vandete 
this end is gained by the pedicel of the rostellum. 
The two caudicles in the Vandea; are embedded and 
attached within a deep cleft in the pollen-masses, 
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and until stretched are rarely visible, for the pollen- 
masses lie cloae to the pedicel of the ruatellum. These 
caudiclea answer both in position and function to the 
elastic threads, by which the packets of pollen are tied 
together in the Ophrete, at the point where they becoma 
confluent ; for the function of the true eaudicle in the 
Vandete is to break when the masses of pollen, trans- 
ported by insects, adhere to the atigmatic surface. 

In many Vandeie the caudicles are easily ruptured, 
and the fertilisation of the flower, as far as this point 
is concerned, is a simple affair ; but in other cases their 
strength, and the length to which they can be stretchod 
before they break, are surprising, I was at first per- 
plexed to understand what purpose these qualities 
could serve. The explanation probably ia that the 
pollen-masses in this tribe are very precious objects ; 
in most of the genera a flower produces only two, and 
judging from the size of the stigma both are generally 
left adhering to it. In other genera, however, the 
orifice leading into the stigma is so small that probably 
only one pollen-mass is left on it, and in this case the 
pollen from one flower would suffice to fertilise two 
flowers, but never a greater number. From the large 
size of the flowers of many of the Vandeffi, they no 
doubt are fertilised by large insects, and these whilst 
flying about would be likoly to brush away and lose 
the poUinia attached to them, unless the can dicles were 
very strong and highly elastic. So again, when an 
insect thus provided visited a flower either too young, 
with its stigma not yet sufllicieutly adhesive, or one 
already imjiregnated, with its stigma beginning to dry, 
the strength of the eaudicle would prevent the pollen- 
masses from being uselessly removed and lost. 

Although the stigmatic surface ia astonishingly 
adhesive at the proper period in many of these Urchids, 



SHAPE OF THE POLLINIA, 



153 



Ibi inatanee, in PhaliEnopsia and Saccolabium, yet when 
I inserted their polUnia attached to a rough object into 
the stigmatic chamber, they did not adhere with suffi- 
cient force to prevent their removal from the object. I 
even left them for some little time in contact with the 
adhesive surface, as an insect would do whilst feeding ; 
but when I pulled the poUinia straight out of the 
atigmatic chamber, the caudicles, though they were 
stretched to a great leugth, did not rupture, nor did 
their attachment to the object yield so that the balls 
of pollen wore withdrawn. It then occurred faj me 
that an insect in flying away would not pull the 
poUinia straight out of the chamber, but would pull 
at nearly right angles to its orifice. Accordingly I 
imitated the action of a retreating insect, and dragged 
the poUinia out of the stigmatic chamber at right 
angles to its orifice ; and now the friction on the 
caudicles thus caused, together with the adhesiveness 
of the stigmatic surface, generally sufficcl to rupture 
them; the pollen-masses being left on the stigma, 
Thus, it seems that the great strength and extensi- 
bility of the caudicles, which, until stretched, lie em- 
bedded within the pollen-masses, serve to protect the 
pollen-maases from being accidentally lost by an insect 
whilst flying about, and yet, by friction being brought 
into play, allow them at the proper time, to be left 
adhering to the stigmatic surface ; the fertilisation of 
the flower being thus safely effected. 

The discs and pedicels of the pollinia present great 
diversities in shape, and an apparently exhaustless 
number of adaptations. Even in species of the same 
genus, aa in Oncidium, these parts differ greatly. I 
here give a few figures (fig. 24), taken almost at hazard. 
The pedicel generally consists, as far as I have seen, 
of a thin ribbon-shaped membrane (fig. A) ; sometimes 
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it is almost cylindrical (fig. C) but often of the most 
diversified Bhupea. Ttie pedicel is generally nearly 
Mtniif^bt, but in Miltonia doweaii it is naturally carved ; 
and in some cases, aa we Bball immediately aee, it 
osBiimea, after removal, various Ebapes. The extensible 
itnd elastic caudicles, by which the pollen-masses are 
attached to the pedicel, are barely or not at all visible, 
being embedded in a cleft or hollow within each 
pollen-mass. The disc, which is viscid on the under 
aide, consists of a piece of thin or thick membrane <tf 

Fig, 2+. 
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itfLvr pBrlinl depreniinD. 

varied forms. In Acropera it is like a pointed cap ; 
in some cases it is tongue-shaped, or heart-shaped 
(fig. C), or saddle-shaped, as in some Maxillarias, or 
like a thick cushion {flg. A), as in many species of 
Onoidium, with the pedicel attached at one end, instead 
of, as is more usual, nearly to the centre. In AngrsecKm 
distichum and sesquipedale the rostellum is notched, 
and two separate, thin, membranous discs can be 
removed, each carrying by a short pedicel a poUen- 
masa. In Sarcanlhua teretifolius the disc (fig. D) is 
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■ very oddly shaped ; and as the stigmatic chamber 
deep and likewise curiously shaped, we are led tn 
alieve that the disc is fasteneid with great precision 
to the square projecting head of some insect." 

In most cases there is a plain relation between the 

length of the pedicel and the depth of the atigmatic 

chamber, into which the pollen-masses have to be 

inserted. In some few cases, however, in which a long 

pedicel and a shallow stigma co-exist, we shall presently 

meet with curious compensating actions. After the 

disc and pedicel have been removed, the shape of the 

remaining part of the rostellum is of course altered, 

being now slightly shorter and thinner, and sometimes 

Qotched, In Stanhopea, the entire circumference of 

the extremity of the rostellum ia removed, and a thin, 

pointed, neeJle-like process alone ia left, which origin- 

I ally ran up the centre of the disc. 

I If we now turn to the diagram (fig. 23, p. 150), and 

suppose the rectangularly bent rostellum to be thinner 

and the stigma to lie closer beneath it than is there 

represented, we shall see that, if an insect with a poUi- 

nium attached to its head were to fly to another flower 

Land occupy exactly the same position which it held 

rwhilst the attachment was efl'ectcd, the pollen-masses 

r would be in the right position fur striking the stigma, 

especialiy if, from their weight, they were to become 

in the least degree depressed. This is all that takes 

place in Ly caste sJcinnerii, Cymbidium giganteam, 

f Zygopetalum mackai, Angneeum. ^urneutii, MiUonia 

X^oweaii, in a Warrea, anil, I believe, in Galeandni 

m^tnkii. But if in our diagram we suppose, for instance, 



nn; tiere remark thnt iJel- dium, Epidendrnm, Phains. i 



■ fiuoC Fecondaziotie Di'lle PiHiite,' l>VTi'ln)1}Juin, 



lie, 1867, p. 19) Bava hi^ Lua Arm in general my HtatemeDla. 
'--■ ° ofVaiidiv Oiici- 



lfi€ 



Chat, Yl 



the stigma to be seated at the bottom uf a deep cavity, 
low down in the column, or tht' antler to be seated 
higher up, or the pediuel of the rostelluin to slope 
more upwards, &c. — all ol' which contingencies occur 
in various species, — in such cases, an insect with a 
pollinium attached to ite head, if it flew to another 
flower, would not place the pollen-masses on the 
stigma, unless their position had become greatly 
changed after attachment. 

This change is effected in many Vandeie in the same 
manner as is so general with the Ophrese, namely, by a 
movement of depression in the pollinium in the course 
of about half a minute after its removal from the 
rostellum. I have seen this movement conspicuously 
displayed, generally causing the pollinium to rotate 
through about a quarter of a circle, io several species 
of Onoidium, Odontoglossum, Brassia, Vanda, Aeridea, 
Sarcanthus, Saccolabium, Acropera, and Maxillaria. 
In Eodriffuezia suaveolens the movement of depression 
is remarkable from its extreme alowneas ; in Euloptna 
viridis from its small extent. Mr, Charles Wright, in 
a letter to Professor Asa Gray, says that be observed 
in Cuba a pollinium of an Oneidium attached to a 
humble-bee, and he concluded at first that I was 
completely mistaken about the movement of depres- 
sion ; but after several hours it moved into the proper 
position for fertilising the flower. In some of the 
cases above specified in which the pollini a apparently 
undergo no movement of depression, I am not sure that 
there was not a very slight one after a time. In the 
varions Ophreaa the anther-cells are sometimes seated 
exteriorly and sometimes interiorly with respect to 
the stigma ; and there are corresponding outward and 
inward movements in the pollinia; but in the Vaudese 
the antlier-cells always lie, as far as I have seen. 
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directly over the stigma, and the movement of the 
pollinium ia always directly downwards. In Calanthe, 
however, the two stigmas are placed exteriorly to the 
anther-cells, and the pollinia, as we shall see, are made 
to strike them by a peculiar mechanical arrangement 
of the parts. 

In the Ophreas the seat of contraction, which causes 
' the act of depression, is in the upper surface of the 
I viscid disc, close to the point of attachment of the 
caudicles : in most of the Vandesa the seat is likewise 
in the upper surface of the disc, but at the point 
where the pedicel is united to it, and therefore at a 
considerable distance from the point of attachment of 
tJie true caudicles. The contraction is hygrometric, but 
to this subject I shall return in the ninth chapter ; 
therefore the movement does not take place until the 
pollinium has been removed from the roatellum, and 
the point of union between the disc and pedicel has 
been exposed for a few seconds or minutes to the air, 
I If, after the contraction and consequent movement of 
I the pedicel, the whole body lae placed into water, the 
pedicel slowly moves back and resumes its former 
position with respect to the viscid disc. When taken 
out of water, it again undergoes the movement of de- 
pression. It is of importance to notice these facts, as 
I we thus get a test by which this movement can be 
I distinguished from certain other movements. 

In MasnUaria ornitfiorhyncha, we have a unique case. 
The pedicel of the rostellum is much elongated, and 
is entirely covered by the produced front lip of the 
anther, and is thus kept damp. When removed it 
bends quickly backwards on itself, at about its central 
point, and thus becomes only half as long as it was 
before. When placed in water it resumes its original 
L straight form. If the pedicel had not been in some 
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mannor slmrteiied, it is hardl) possible that the flower 
aould have been fertilised. After this movement, the 
pollinium attached to any small object can be inserted 
into the flower, and the balls of pollen readily adhere 
to the stigraatic surface. Here we have an instance 
of one of those cowipenaating actions in the pollinia, 
before alluded to, in relation to the shallowness of 
the stigma. 

In some cases, besides hygrometric movements, 
elasticity comes into play. In Aerides odoraia and 
virens, and in an Oneidium (roseum ?), the pedicel of 
the rostellum is fastened down in a straight line, at 
one extremity by the disc, and at the other by the 
anther ; it has, however, a strong elastic tendency to 
spring up at right angles to the disc. Consequently, 
if the pollinium, attached by its viscid disc to some 
object, is removed from the anther, the pedicel instantly 
springs up an<l stands at nearly right angles to its 
former position, with the pollen-masses carried aloft. 
This has been noticed by other observers ; and I agree 
with them that the object gained is to free the pollen- 
masses from the anther-cells. After this upward elastic 
spring, the downward hygrometric movement imme- 
diately commences, which, oddly enough, carries the 
pedicel back again into almost exactly the same 
position, relatively to the disc, which it held whilst 
forming part of the rostellum. In Aerides the end of 
the pedicel, to which the pollen-masaes are attached 
by short dangling caudiclea, after springing up, remains 
9, little curved upwards ; and this curvature seema 
well adapted to drop the pollen-masses into the deep 
stigmatic cavity over the ledge in front. The differ- 
ence between the first elastic and the second or re- 
versed hygrometric movement, was well shown by 
placing the pollinium of the above Onoidium into 
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water, after both moTemeiits had taken place ; and 
the pedicel then moved into the same position which 
it had at first assumed throngh its elasticity ; this 
movement not being in any way affected by the 
water. Wlien taken out of water the hygrometrio 
movement of depression soon commenced for the 
second time. 

In Rodriguezia secunda there was no hygrometrio 
movement of depression in the pedicel as in the before- 
mentioned R. suaveolens, but there was a rapid down- 
ward movement, due to elasticity, and of this I have 
seen no other instance ; for when the pedicel was put 
into water it showed no tendency to recover its original 
position, as occurred in many other cases. 

In Phalanopsis tjrandiflora and amabUis the stigma 
is shallow and the pedicel of the rostellum long. 
Some compensating action is therefore requisite, which, 
differently from that in MaieiUaria ornithorhyncha is 
effected by elasticity. There is no movement of do- 
pression ; but, when the pollinium is removed, the 
straight pedicel suddenly curls up in the middle, thus 
( — '~^— J : the full-stop on the li;ft hand may re- 
present the balls of pollen, and the thick hyphen to 
the right may be supposed to represent the triangu- 
larly shaped disc. The pedicel does not straighten 
itself when placed in water. The end carrying the 
balls of pollen is a little raised up after this elastic 
movement, and the pedicel, with one end raised, and 
with the middle part upwardly bowed, is well adapted 
to drop the pollen-masses into the deep stigmatic 
cavity, over a ledge in front. Fritz Mnller informs 
me of a case in which the shortening of a very long 
ptdicel is effected partly by elasticity and partly by a 
hygrometric movement. A small Ornithocephalus, 
growing in South Brazil, has a very long pedicel. 



which is Bhuwn closely attached to the rosteUum in 
the auoompaayiug figure A. 




(ketch by Frill MUllcr.) 

it Unit ngsunm from tha clu- 
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The pedicel when freed suddenly bends into the 
fiji-m represented at B, and soon al'terwards owing to 
the hygrometric contraction curls up into the odd 
figure shown at C. When placed in water it j 
the form represented at B. 
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In CalantJw masuoa and the hybrid G. dominii the 
Btruoture is very different to what it is in moBt other 
Vandeas, We here have two oval, pit-like Btigmas 
on each aide of the rostellum (fig, 26). The viscid 
diac is oval (fig. B), and has no pedicel, but eight 
masses of pollen are attached to it by very short and 
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easily ruptured caudicles. These pollen-masses radiate 
from the disc like the leaves of a fan. The rostellum 
is broad, and its sides sloj>e on each side towards the 
lateral pit-like Btigmas. When the disc is remove*! 
tho rostellum ia seen (fig. C) to be deeply notched 
in the middle. The labellum is united to the column 
almost up to its summit, leaving a passage (n, A) to 
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the long nectary close beneath the rostelluiu. The 
labellum is studded with singular, wartlike, globular 
excrescences. 

If a thick needle be inserted into the month of the 
nectary (fig. A), and then withdrawn, the viscid disc 
is removed, bearing with it the elegant fan of radiating 
pollen-masses. These undergo no change in position. 
But if the needle be now inserted into the nectary of 
(inother flower, the ends of the [Kjllen-masses neces- 
sarily hit the upper and laterally sloping sides of the 
rostellum, aud, glancing off both ways, strike down 
into the two lateral pit-like stigmas. The thin cau- 
dicles being easily ruptured, the iiollen-niasses are left 
adhering like little darts to the viscid surface of both 
stigmas (see left-hand stigma in fig. G), and the I'ertili- 
sation of the flower ts completed in a simple manner 
pleasing to behold. 

I should have stated that a narrow transverse rim of 
stigmatio tissue, beneath the rostellnm, connects the 
two lateral stigmas ; and it is probable that some of 
the middle pollen-mnsses may be inserted through the 
notch in the rostellum, so as to adhere to this rim. 
I am the more inclined to this opinion from having 
found in the elegant Catantlie vestita the rostellum 
extending so widely over the two lateral stigmas, that 
apparently all the pollen-masses must be inserted 
beneath its surface. 

The Angrmcum aesquipedah, of which the large six- 
rayed flowers, like stars formed of snow-white wax, 
have excited the admiration of travellers in Madagascar, 
must not be passed over. A green, whip-like nectary 
of astonishing length hangs down beneath the label- 
lum. In several flowers sent me by Mr. Bateman I 
found the nectaries eleven and a half inches long, with 
only the lower inch and a half (\1I(.m1 nirb nectar, 
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What can be the use, it may be asked, of a. nectary of 
such disproportionate length ? We shall, I think, see 
that the fertilisation of the plant depends on this 
length, and on nectar being contained only within the 
lower and attenuated extremity. It is, however, bui- 
priaing that any insect should be able to reach the 
nectar. Our English sphinxes have proboseides as long 
as their bodies ; but in Madagascar there must be 
moths with proboseides capable of extension to a length 
of between ten and eleven inches 1 This belief of 
mine has been ridiculed by some entomologista, but we 
now know from Fritz Miiller ' that there is a sphinx- 
moth in South Brazil which has a proboscis of nearly 
sufficient length, for when dried it was between ten 
and eleven inches long. When not protruded it is 
coiled up into a spiral of at least twenty windings. 

The rostellura is broad and foliaceous, and arches 
rectangularly over the stigma and over the orifice of 
the nectary : it is deeply notched by a cleft enlarged 
or widened at the inner end. Hence the rostellum 
nearly resembles that of Calanthe after the disc has 
been removed (see fig. 26, C). The under surfaces of 
both margins of the cleft, near their ends, are bordered 
by narrow strips of viscid membrane, easily removed ; 
so that there are two distinct viscid discs. A short 
membranous pedicel is attached to the middle of the 
upper surface of each disc; and the pedicel carries a 
pollen-mass at its other end. Beneath the rostellum 
a narrow, ledge-like, adhesive stigma is seated. 

I could not for some time understand how the 
jMiUinia of this Orchid were removed, or how the 
stigma was fertilised. I passed bristles and needles 
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down the open entrance into the nectary and through 
the cleft in the roBtellum with no result. It then 
occurred to me that, from the length of the nectary, 
the flower must bo visited by large moths, with a 
proboscis thick at the base ; and that to drain the last 
drop of nectar, even the largest moth would have to 
force its proboscis as far down as possible. Whether 
or not the moth first inserted its proboscis by the open 
entrance into the nectary, as is most probable from the 
shape of the flower, or through the cleft in the ros- 
tellum, it would ultimately be forced in order to drain 
the nectary to push its proboaciy through the cleft, 
for this is the straightest course ; and by slight pressure 
the whole foUaceous rostellum is depressed. The dis- 
tance from the outside of the flower to the extremity of 
the nectary can be thus shortened by about a quarter 
of au inch, 1 therefore took a cylindrical tod one- 
tenth of an inch in diameter, and pushed it down 
through the cleft in the rostellum. The margins 
readily separated, and were pushed downwards together 
with the whole rostellum. When I slowly withdrew the 
cylinder the rostellum rose from its elasticity , and 
the margins of the cleft were upturned so as to clasp 
the cylinder. Thus the viseid strips of membrane on 
each under side of the cleft rostellum came into contact 
with the cylinder, and firmly adhered to it; and the 
pollen-masses were withdrawn. By this means I suc- 
ceeded every time in withdrawing the pollinia; and 
it cannot, I think, be doubted that a large moth would 
thus act ; that is, it would drive its proboscis up to 
the very base through the cleft of the rostellum, so as 
to reach the extremity of the nectary ; and then the 
pollinia attached to the base of its proboscis would be 
safely withdrawn. 

I did not succeed in leaving the pollen-masaes on 



Ohap, VI AHQR^OUM 8BaQCIPEDALE. 



165 



the stigma so well as I did in withdrawing them. Ab 
the margins of the cleft rostellum must be upturned 
before the discs adhere to a cylindrical body, during 
its withdrawal, the pollen-masaes become affixed some 
little way from its base. The two discs did not always 
adhere at exactly opposite points. Now, when a moth 
with the pollinia adhering to the base of its proboscis, 
inserts it for a second time into the nectary, and exerts 
all its force so as to push down the rostellum as far as 
possible, the pollen-masses will generally rest on and 
adhere to the narrow, ledge-like stigma which projects 
beneath the rostellum. By acting in this manner with 
the pollinia attached to a cylindrical object, the pollen- 
masses were twice torn off and left glued to the stig- 
matic surface. 

If the Angrcecum in ita native forests secretes more 
nectar than did the vigorous plants sent me by Mr. 
Bateman, so that the nectary ever becomes filled, small 
moths might obtain their share, but they would not 
benefit the plant. The pollinia would not be with- 
drawn until some huge moth, with a wonderfully long 
proboscis, tried to drain the last drop.* If such great 
moths were to become extinct in Madagascar, assur- 
edly the Angrsecum would become extinct. On tlie 
other hand, as the nectar, at least in the lower pai-t 
of the nectary, b stored safe from the depredation of 
other insects, the extinction of the Angrseeum would 
probably be a serious loss to these moths. We can 
thus understand how the astonishing length of the 



tiinlint i: 



lelt siiggeeta (> The Nb- 
i NieiirBgun,' ISli, p. 
li»j xual tlie gnat length o( tlia 
neotiir? of tliia plimt serves to 
prcTont otb< r nmiha whli'h ara 
not velt-adkptel for the fertlllsn- 
liiti i>r the Unwura froni aurking 
the nodtac, and that iti duvebp- 



ment can thas be n^'connled for. 
I huve no doubt of the truth of 
this principle, but it ia hnidl; 
app'iialilu here, ne Ibe inoth baa 
to be oiiiiipGllBd tn diive ita nio- 
boacis u dL-eiil; dovn »■ povalbla 
iiilo the llower. 



ISO TAHDE*. Oaip. VL 

oectaTy Uml beeu acquired by successive mudificationa, 
Aj oertaiD mntlis of Madagascar became larger through 
natural selection in relation to their general conditiona 
of lift', either in the larval or mature state, or as the 
probosi'is alone waa lengthened to obtain honey from 
the Angriecum and other deep tubular flowers, those 
indiviiluftl plants of the Angnecum which had the 
longest nectariea (and the nectary varies much in 
length in some Orchids), and which, consequently, 
compelled the moths to insert their proboscides up to 
the very base, would be best fertilised. These plants 
would yield most seed, and the seedlings would 
generally inherit long nectaries; and so it would be 
in suceesaive geueratious of the plant and of the moth. 
Thus it would appear that there has been a race in 
gaining length between the nectary of the Angrtecum 
and the proboscis of certain moths ; but the Angriecum 
has triumphed, for it flourishes and abounds in the 
forests of Madagascar, and still troubles each moth 
to insert its proboscis as deeply as possible in order to 
drain the last drop of nectar. 

I could add descriptions of many other curioua 

structures in the Vandea;, more especially from the 
letters of Fritz Miiller with respect to those of Braail ; 
but the reader would be wearied, I must, howevur, 
make a few remarks on certain genera, the fertilisation 
of which remains a mystery, chiefly on account of the 
narrowness of the mouth of the stigma, as this rentiers 
the insertion of the jhjI l^n-maasea extremely difHcuIt. 
Two closely allied species or varieties of Acropera, viz.. 
A. luteola and loddigesii have been observed by me 
during several seasons, and every detail of their struc- 
ture seems as if specially adapted to render their 
fertilisation almost impossible. I have met with hardly 
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uny other such case, not thiit 1 I'uJiy understand the 
contrivances in any Orchid, i'or new and admirable 
ones become apparent, the longer I study even one of 
our commonest British species. 

The thin and elongated rosteUum of Acropera projects 
at right angles to the colnnin (see diagram, fig, 23, p. 
150) ; and the pedicel of the pollinium is of course 
equally lung and much thinner. The disc consists of 
an extremely small cap, viscid within, which fits on 
the extremity of the rostellum. The viscid matter 
sets hard but slowly. The upper sepal forms a hood 
enclosing and protecting the column. The Inbellum 
is an extraordinary organ, baffling all description: it 
is articulated to the column by a thin strap, so elastic 
and flexible that a breath of wind sets it vibrating. 
It hangs downwards ; and the retention of this posi- 
tion seems to be of importance, for the footstalk (ova- 
rium) of each flower is curved into a semicircle, so 
as to compensate for the pendulous habit of the plant. 
The two - upper petals and the lateral lobes of the 
labellum serve as guides leading into the hood-libe 
upper sepal. 

The pollinium, when adhering by its disc to an 
object, undergoes the common movement of depression ; 
and this seems superfluous, for the stigmatic cavity lies 
(see diagram, fig, 23) high up at the base of the rect- 
angularly projecting rostellum. But this is a com- 
paratively trifling difficulty ; the real difficulty lies in 
the orifice of the stigmatic chamber being so narrow 
that the pollen-masses, though consisting of thin sheets, 
can hardly be forced iu. I repeatedly tried, and suc- 
ceeded only three or four times. Even after leaving 
them to dry for four hours before a fire, and thus to 
shrink a little, I rarely succeeded in forcing them 
into the stigma. T psamined quite yoang flowers and 
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almost withered nnes, for I imagined that the mouth 
of the chamber might be of larger size at some period 
of growth ; but the difficulty of insertioa remained 
the same. Now when we observe that the Tiscid disc 
19 extraordinarily small, and consequently its power of 
attachment not so firm as with Orchids having a large 
disc, and that the pedicel is very long and thin, it 
would seem almost indispensable that the etigmatic 
chamber should be unusually large for the easy 
iusertion of the potlinium, instead of being much con- 
tracted. Moreover, the stigmatic surface, as Dr. Hooker 
has likewise observed, ia singularly little adhesive ! 

The flowers when ready for fertilisation do not 
secrete nectar ; " hut this is no difficulty, for as Dr. 
Criiger has seen humble-bees gnawing the projections 
on the labellum of the closely allied Gongora maeulata, 
there can be little doubt that the distal cup-shaped 
part of the labellum of Acropera offers a similar at- 
traction to insects. After numberless trials in many 
ways, I have found that the poUinia can be removed 
with certainty only by pushing the rostellmn a little 
upwards with a camel-hair brush, held in such a 
position that the tip slides along the under side of the 
rostellum, so as to brush off the little viscid cap on its 
extremity, into which the hairs enter and are glued 
fast. I further find that if the brush with a pollinium 
thus attached to its tip is pushed into and then with- 
drawn from the stigmatic cavity, the mouth of which 
is furnished with a sharp ridge, the end of the pedicel 



" Mr. Soott I as nbaervrd that 
after the Hoisera of A' rojiera and 
sf two apei.'io! in the allied Keniw 
of (ionjjora liave been fertili«^d, 
■□ abtiD'lance of nertnr exudes 
Emm liie front of tLi! mliima: but 



at DO other tliue oonM be find ■ 

trace of DEVUr. Tlila eiiidaU..!) 
can. therefori', be of no use to tlie 
plant wilh ies{ie<'t to its fertili- 
Bati'iil. and muat be viewed ai a • 
exorctiuii. 



Ckap, VL ACKOPERA, and SOME ALLIED GENEHA. 169 

which bears the viscid cap is often left sticking within 
the chamber, with the pollen-mosses close outside. 
Many flowers were thus treated, and three of them 
produced fine capsules, Mr. Scott also succeeded in 
fertilising two flowers in the same apparently unnatural 
manner, as he likewise did on one occasion by placing 
a pollen-mass, moistened with the viscid matter from a 
distinct kind of Orchis, at the mouth of the stigmatic 
chamber. These facts lead me to suspect that an 
insect with the extremity of its abdomen produced 
into a sharp point alights on the flower, and then turns 
round to gnaw the distal portion of the labellum. In 
doing so it removes the polHnium, the viscid cap of 
which adheres to the extremity of its abdomen. The 
insect then visits another flower, by which time the 
movement of depression will have caused the pedicel 
10 lie flat on its back ; and from occupying the same 
position as before, the insect will be apt to insert the 
end of its abdomen into the stigmatic chamber, and 
the viscid cap will then he scraped off by the ledge in 
front, and the pollen-masses will be left close outside, 
as in the above experiments. The whole operation 
would probably be aided by the oscillatory movement 
of the labellum whilst gnawed by an insect. This 
whole view is very improbable, but it is the only one, 
afl far as I can see, which explains the fertilisation of 
the flower. 

The allied genera Gongora, Acineta, and Stanhopea 
present nearly the same difficulty from the narrowness 
of the entrance into the stigmatic chamber. Mr. 
Scott tried repeatedly but in vain to force the pollen- 
masses into the stigma of Govt/ora atro-purpti/rea and 
truncata; but he readily fertilised them by cutting off 
the clinandrum and placing pollen-masses on the now 
he likewise did in the case of 



170 VANDE*;. Ob*A 

Acropera, Dr. Crflger says" that Gongora macvjata 
"often bears fruit in Trinidad, It is visited, excln- 
sively during the day, as far as I can see, by a splendid 
bee, probably a Euglossa, but with the tongue nearly 
twice as long as the body. The tongue passes out 
behind the abdomen, and is there curved upwards. 
As these bees only come for biting and gnawing the 
anterior side of the labellum, the protruding tongue 
touches or approaches the gland (i. e., viscid disc) at 
every retrograde movement of the insect. By this it 
cun hardly fail to be loaded sooner or later with the 
pollen-masses, which are then easily inserted into the 
stigmatic cleft. I have, however, not as yet observed 
this fact." I am surprised that Dr. Criiger should 
speak of the pollen-masses being easily inserted, and I 
suppose that be must have experimented with dried 
and shmnken ones. The douWed-up, immensely elon- 
gated proboscis, projecting beyond the abdomeu, would 
answer as well as a pointed extremity to the abdomeu, 
which in the case of Acropera I imagine is the instru- 
ment for removing the pollen-masses ; but I presume 
that with Gongora it is not the viscid disc, but the 
broad and free ends of the pollen-masses which are in- 
serted into the stigmatic cavity. As in the case of 
Acropera, I found it scarcely possible to insert the 
pollen-masses of Gongora into the stigma; but some 
which were removed from the anther and left exposed 
to the sun for nearly five hours, become much shrunk 
and formed thin sheets ; and these could be inserttfll 
without much difficulty into the cleft-like entrance 
of the stigma. The pollinia attached to an insect 
flying about in the torrid zone would shrink after a 
time; and the delay thus caused would ensure the 
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flowers being fertilised with pollen from a distinct 
plant. 

With respect to Stanhopea, Dr. Crnger saya " that 
in the West Indies a bee (Euglossa) often visits the 
flowers for the sake of gnawing the labeJlum, and he 
caught one with a pollinium attached to its back ; but 
he adds that he cannot understand how the pollen- 
masses are inserted into the narrow mouth of the stigma. 
With Stanhopea oculata I found that the poUinia could 
almost always be attached to my naked or gloved 
finger, by gently sliding it down the concave surface 
of the arched column ; but this occurred only within a 
short time after the expansion of the flowers, whilst 
tliey are highly odoriferous. By again sliding my 
finger down the column, the pollinia were almost 
always rubbed off by the sharp edge of the stigmatic 
chamber, and were left adhering close to its entrance. 
Flowers thus treated occasionally, though rarely, 
yielded capsules. The removal of the pollinia from 
my finger seemed to depend on the existence of a 
point projecting beyond the viscid disc, and which I 
suspect is specially adapted for this purpose. If this 
be so, the pollen-masses must emit their tubes without 
being inserted into the stigmatic chamber. I may 
add that the pollen-masses shrink very little by being 
thoroughly dried, and could not in this state be easily 
inserted. 

The entrance into the stigma is in like manner, 
as I hear from Fritz Muller, t so much contracted in 
Cirrhtea and Notylia, which belong to another sub- 
division of the Vandese, that the pollinia can be inserted 
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i difScnlty. Id the case of 
CirrliEca, he found that this could be effected more 
ensily, after they had shrunk a little from being left 
to dry for half an hour or an hour. He observed two 
flowers with polk'n-masaes naturally inserted by soms 
means into their stigmas. On several occasions aftei 
forcing the end of a pollen-mass into the mouth of the 
stigma, he witnessed a most curious process of deglu- 
tition. The extremity of the pollen-mass swells from 
imbibing moisture, and as the chamber gradually 
widens downwards, the swDlling part is forced down- 
wards ; so that the whole is at last drawn inwards and 
disappears. In the case of Notylia, Fritz Miiller ob- 
served that the entrance into the stigma became a 
little larger after the flower had remained espanded 
for about a week. In whatever manner this latter 
plant is fertilised, it is certain that it must be im- 
pregnated with pollen from a distinct plant ; as it 
offers one of those extraordinary cases in which its own 
pollen acts like poison on the stigma. 

In the last edition of this work it was shown that 
the ovaria of mature flowers of Acropera do not con- 
tain any ovules. But I erred greatly in the interpre- 
tation of this fact, for I concluded that the sexes were 
separate. I was however soon convinced of my error 
by Mr. Scott, who succeeded in artificially fertilising 
the flowers with their own pollen. A remarkable dis- 
covery by Hildebrand, ' namely, that in many Orchids 
the ovules are not developed unless the stigma is 
penetrated by the pollen-tubes, and that their develop- 
ment occurs only after an interval of several weeks 
or even months, explains the state of the ovarium 
in Acropera, as observed by me. According also to 
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Fritz Muller, * the ovules of many endemic Epideadrese 
and Vandese in Brazil remain in a very imperfect state 
of development for some months, and even in one case 
for half a year, after the flowers had been fertilised. 
He suggests that a plant which produces hundreds of 
thousands of ovules, would waste much power if these 
were formed and did not happen to be fertilised, and 
we know that fertilisation is a doubtful and difficult 
operation with many Orchids. It would therefore be 
an advantage to such plants, if the ovules were not at 
all developed until their fertilisation was assured by 
the pollen-tubes having already penetrated the stigma. 

Coryanthes. — I will conclude this chapter by giving 
iin account of the fertilisation of the flowers of Cory- 
anthes, which is effected in a manner that might perhaps 
have been inferred from their structure, but would have 
iippeared utterly incredible had it not been repeatedly 
witnessed by a careful observer, namely, the late Dr. 
Criiger, Director of the Botanical Gardens at Trinidad. 
The flowers are very large and hang downwards. The 
distal portion of the labellum (L) in the following wood- 
cut, fig. 27, is converted into a large bucket (B). Two 
appendages (H), arising from the narrowed base of the 
labellum, stand directly over the bucket and secrete so 
much fluid that drops may be seen falling into it. 
This fluid is limpid and so slightly sweet that it does 
not deserve to be called nectar, though evidently of the 
same nature ; nor does it serve \o attract insects, M. 
M^ni^re estimates that the total quantity secreted by 
a single flower is about an English ounce, t When 
the bucket is full the fluid overflows by the spout (P). 



" 'Bot, ZeitDDg,' 1S6R, p. 164. 

t ' BuUtilia ilr In ^■if. Rot. do Freiii^e.' tom. IL 18S5, p. S51, 




[. flnid-HCTStiag appeDdn^ei 



COBTAKTHBS. 



175 



This spout is closely oyer-arched by the end of the 
column, which bears the stigma and pollen-masses in 
such a position, that an insect forcing its way out of 
the bucket through this passage would first brush with 
ita back against the stigma and afterwards against the 
viscid discs of the pollinia, and thus remove them. 
We are now prepared to hear what Dr. Criiger says 
about the fertilisation of an allied species, the 0. 
macranlha, the labellum of which ia provided with 
crests.* I may premise that he sent me specimens of 
the bees which he saw gnawing these crests, and they 
belong, as I am informed by Mr. F. Smith, to the genus 
Euglossa. Dr. Cruger states that these bees may be 
" seen in great numbers disputing with each other for 
a place on the edge of the hypochil (i. e. the basal pai-t 
of the labellum). Partly by this contest, partly perhaps 
intoxicated by the matter they are indulging in, they 
tumble down into the ' bucket,' half-full of a fluid 
secreted by organs situated at the base of the column. 
They then crawl along in the water towards the 
anterior side of the bucket, where there is a passage 
for them between the opening of this and the column. 
If one is early on the look-out, as these Hymenopteiw 
are early risers, one can see in every flower how 
fecundation is performed. The humble-bee, in forcing 
its way out of its involuntary bath, has to exert itself 
consiflerably, as the mouth of the eptchil (i. e. the 
itiKtal part of the labellum) and the face of the column 
fit together exactly, and are very stiff and elastic. The 
first bee, then, which is immeraed will have the gland 
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f)f the pollen -toass glued to its back. The insect then 
generally gets through the passage, and cornea out 
with this peculiar appendage, to return nearly imme- 
diately to its feast, when it is generally precipitated a 
second time into the bucket, passing out through the 
anme opening, and so inserting the pollen-masses into 
the stigraa while it forces its way out, and thereby im- 
pregnating either the same or some other flower. I 
have often seen this ; and sometimes there are so many 
uf these humble-bees assembled that there ia a continual 
procession of them through the passage specified." 

There cannot be the least doubt that the fertilisation 
of the flower absolutely depends on insects crawling 
out through the passage formed by the extremity of 
the labellum and the over-arching column. If the 
large distal portion of the labellum or bucket had been 
dry, the bees could easily have escaped by flying away. 
Therefore we must believe that the fluid is secreted by 
the appendages in such extraordinary quantity and is 
collected in the bucket, not as a palatable attraction 
for the bees, as these are known to gnaw the labellum, 
but for the sake of wetting their wings, and thus 
compelling them to crawl out through the passage. 

I have now described, perhaps in too much detail, 
a few of the many contrivances by which the Vandeas 
are fertilised. The relative position and shape of the 
parts — friction, viscidity, elastic and hygrometric move- 
menta, all nicely related to one another — come into 
play. But all these appliances are subordinate to the 
aid of insects. Without their aid, not a plant belong- 
ing to this tribe, in the species of the twenty-nine 
genera examined by me, would set a seed. It is also 
certain in a majority of the cases, that insects withdraw 
the pollinia only when retreating from the flover, and 
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by carrying them away, eflfect a union between two 
flowers, generally on distinct plants. This can hardly 
fail to occur in all the many cases in which the poUinia 
slowly change their position, when removed from the 
rostellum, in order to assume a proper direction for 
striking the stigma ; for the insects during this in- 
terval will have had time to fly from the flowers on 
one plant which will serve as the male, to those 
on another plant which will serve as the female. 
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UatMetldw, the mojtl remnrkiible of tXl Onhida — The mech&Disu bj 
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1 HAVM reaerved for separate description one sub-family 
of the Vandcffi, namely, the Cataaetidie, which must, I 
think, be considered aa tho most remarkable of all 
Orchids. 

I will begiu with Catasetum. A brief inspection of 
the flower shows that here, aa with most other OrcWdB, 
some mechanical aid is requisite to remove the pollen- 
masses from their cells, and to carry them to the 
stigmatic surface. We shall, moreover, presently see 
that Catasetum is exclusively a male form ; bo that 
the pollen-masses must bo transported to the female 
plant, in order that seed should be produced. The 
polUnium is furnished with a viscid disc of huge size ; 
but this, instead of being placed in a position likely 
to touch and adhere to an insect visiting the flower, ia 
turned inwards and lies close to the upper and back 
surface of a chamber, which must be called the stig- 
matic chamber, though functionless as a stigma. There 
is nothing in this chamber to attract insects ; and even 
if they did enter it, the viscid surface of the disc could 
not possibly come into contact with them. 
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How then does Nature act ? She lias endowed these 
plaats with, what must be called for want of a better 
term, sensitiveness, and with the remarkable power of 
forcibly ejecting their pollinia even to a considerable 
distance. Hence, when certain definite points of the 
flower are touched by an insect, the pollinia are shot 
forth like an arrow, not barbed however, but having 
a blunt and excessively adhesive point. The insect, 
disturbed by bo sharp a blow, or after having eaten its 
^11, Hies sooner or later away to a female plant, and, 
whilst standing in the same position as before, the 
pollen-bearing end of the arrow is inserted into the 
stigmatic cavity, and a mass of pollen is left on its 
viscid surface. Thus, and thus alone, can the five 
species of Catasetum which I have examined be 
fertilised. 

In many Orchideee, as in Listera, Spiranthea, and 
Orchis, the surface of the rostellum is so far sensitive, 
that, when touched or when exposed to the vapour of 
chloroform, it ruptures in certain defined lines. So it 
is in the tribe of the Catosetidse, but with this re- 
markable difference, that in Catasetum the rostellum is 
prolonged into two curved tapering horns^or, as I shall 
call them, antenuEe, which stand over the labellum 
where insects alight. If these are touched even very 
lightly, they convey some stimulus to the membrane 
which surrounds and connects the disc of the pol- 
linium with the adjoining surface, causing it instantly 
to rupture ; and as soon as this happens the disc is 
suddenly set free. We have also seen in several 
Vandeas that the pedicels of the pollinia are fastened 
flat down in a state of tension, and are highly elastic, 
BO that, when freed, they immediately spring up, appa- 
rently for the soke of detaching the pollen-masses from 
the anther-cells. In the genus Catasetum, on the 



other hand, the pedicels are fiisfened down in a curved 
position ; and when freed by the rupture of the attached 
edges of the disc, they straighten themselves with such 
force, that not only do they drag the balls of pollen 
together with the anther-cells from their places of 
attachment, but the whole poUiuium is jerked forward, 
over and beyond the tips of the so-called antennse, to 
the distance sometimes of two or three feet. Thus, 
as throughout nature, pre-existing structures and capa- 
cities are utilised for new purposes, 

Catasetum soccatwn.* — I will first describe the male 
forms, belonging to five species, which are included 
under the generic name of Catasetum. The general 
appearance of the present species is represented in the 
following woodcut, fig. 28. A side view of the flower, 
with all the petals and sepals excepting the liibellum 
cut off, is shown by B ; and A gives a front view of 
the column. The upper sepal and two upper petals 
surround and protect the column ; the two lower sepals 
project out at right angles. The flower stands more 
or less inclined to either side, but with the labellum 
downwards, as represented in the drawing. The dull 
coppery and orange -spotted tints, — the yawning cavity 
in the great fringed labellum,— the one antenna 
projecting with the other hanging down — give to 
these flowers a strange, luriil, and almost reptilian 
appearance. 

In front of the column, in the middle, the deep 
stigmatic chamber (fig. 28, A, a), may be seen ; but this 
is best shown in the section (fig. 29, C, s), in which all 
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the parta are a little separated from each other, in 
order that the mochaniam may bo intelligible. In 
the middle of the roof of the atigmatic chamber, far 
Irnck (d, in A, fig. 28), the upturned anterior edge of 
the viscid disc can just be seen. The upper mem- 
branous surface of the disc, before it is ruptured, is 
continuous with the fringed bases of the two antennce 
between which it lies. The rostellum projects over 
the disc and stigmatic chamber (see section C, fig. 29), 
and is prolonged on each side so as to form the two 
aiitennte ; the middle part is covered by the ribbon- 
like pedicel (ped.) of the pollinium. The lower end of 
the pedicel is attached to tbe disc, and the upper end 
to the two pollen-masses (p) within the anther-cell. 
The pedicel in its natural position is held much 
bowed round the protuberant rostellum ; when freed 
it forcibly straightens itself, and at the same time its 
lateral edges curl inwards. At an early period of 
growth, it is continuous with the rostellum, but sub- 
sequently becomes separated from it by the solution 
of a layer of cells. 

The poUinium when set free and after it -has 
straightened itself, is represented at D, fig. 29. Ita 
under surface, which lies in contact with the rostellum, 
is shown at E, with the lateral edges of the pedicel 
now curled inwards. In this latter view, the clefts in 
the under sides of the two poUen-massea are shown. 
Within these clefts, near tbeir bases, a layer of strong 
extensible tissue is attached, forming the caudiclea, by 
which the pollen-masses are united to the pedicel. 
The lower end of the pedicel is joined to the disc by a 
flexible hinge, which occura in no other genus, so that 
the pedicel can play backwards and forwards, as far aa 
the upturned end (fig. D) of the disc permits. The 
disc is large and thick ; it consists of a strong upper 
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membrane, to which the pedicel is united, with an 

inferior cushion of great thickness, of pulpy, floccalent, 
and viacid matter. The posterior margin is much the 
most yiscid part, and this necessarily first strikes any 
object when the pollinium is ejected. The viscid 
matter soon sets hard. The whole surface of the disc 
is kept damp before ejection, by resting close against 
the roof of the stigmatic chamber ; but in the section 
(fig. C) it is represented, like the other parts, a little 
separated from the roof. 

The connective membrane of the anther (a in all the 
figures) is produced into a spike, which adheres loosely 
to the pointed end of the column ; this pointed end 
(/, fig. C) is homologically the filament of the anther. 

The anther has this peculiar shape apparently for 
the sake of leverage, so that it may be easily torn off 
by a pull at its lower end, when the pollinium is 
jerked out by the elasticity of the pedicel. 

The labellum stands at right angles to the column, 
or hangs a little downwards; its lateral and basal 
lobes are turned under the middle portion, so that an 
insect can stand only in front of the column. In the 
middle of the labellum there is a deep cavity, bordered 
by crests. This cavity does not secrete nectar, but ita 
walls are thick and fleshy, with a slightly sweet nutri- 
tious taste ; and it will presently be shown that they 
are gnawed by insects. The extremity of the left- 
hand antenna stands immediately over the cavity, and 
would infalliby be touched by au insect visiting this 
part of the labellum for any purpose. 

The antennte are the moat singular organs of the 
flower, and occur in no other genus. They form rigid, 
curved horns, tapering to a point. They consist of a 
narrow ribbon of membrane, with the edges curled in- 
wards so as to touch ; each horn therefore is tubular. 
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with a slit down one side, like an adder's fang. They 
are composed of numerous, muL^h elongated, generally 
hexagonal cells, pointed at both ends ; and these cells 
(like those in moat of the other tissues of the flower) 
have nuclei with nucleoli. The antenna are prolonga- 
tions of the sides of the anterior face of the rostellum. 
Aa the viscid disc is continuous with a little fringe of 
membrane on each aide, and as this fringe is continuoUB 
with the bases of the antennae, these latter organs are 
put into direct connection with the disc. The pedicel 
of the pollinium pa^es, as already stated, between the 
bases of the two antennie. The antennffi are not free 
for their whole length ; but their exterior edges are 
hrmly united to and blend for a considerable space 
with the margins of the stigmatic chamber. 

In all the flowers which I examined, taken from 
three plants, the two antennse which are alike in 
structure occupied the same relative position. The 
extreme part of the left-hand antenna bends upwards 
(see B, fig. 28, in which the position is shown plainer 
than in A), and at the same time a little inwards, so 
that its tip is medial and guards the entrance into 
the cavity of the labellnm. The right-hand antenna 
hangs down, with its tip turned a little outwards ; and 
as we shall immediately see, is almost paralysed, so as 
to be functionless. 

Now for the action of the parts. When the left- 
hand antenna of this species (or either of the antenns 
in three of the following species) is touched, the edges 
of the upper membrane of the disc, which are con- 
tinuously united with the surrounding surface, instantly 
rupture, and the disc is set free. The highly elastic 
pedicel then instantly flirts the heavy disc out of the 
stigmatic chamber with such force, that the whole 
pollinium is ejected, bringing away with it the two 



balls of pollen, aod tearing the loosely attached spike- 
like anther from the top of the column. The pollinium 
is alnays ejected with its viscid disc foremost. I 
imitated the action with a minute strip of whalebone, 
slightly weighted at one end to represent the disc; 
this was then bent half round a cylindrical object, 
the upper end being at the same time gently held by 
the smooth head of a pin, to represent the retarding 
action of the anther, the lower end waa then suddenly 
set free, and the whalebone was pitched forward, like 
the pollinium of the Catasetum, with the weighted 
end foremost. 

That the disc is first jerked out of the stigmatic 
chamber, I ascertained by pressing the middle of the 
pedicel ; and when I touched the antenna the disc 
instantly sprung forth, but, owing to the pressure on 
the pedicel, the pollinium was not dragged out of the 
anther-cell. Besides the spring from the straighten- 
ing of the pedicel, elasticity in a transverse direction 
comes into play : if a quill be split lengthways, and 
the half be forced longitudinally ou a too thick pencil, 
immediately the pressure is removed the quill jumps 
off; and an analogous action takes place with the 
pedicel of the pollinium, owing to the sudden inward 
curling of its edges, when set free. These combined 
forces suffice to eject the pollinium with considerable 
force to the distance of two or three feet. Several 
persons have told mp that, when touching the flowers 
of this genus in their hothouses, the poUinia have 
struck their faces. I touched the antennse of 0, eal- 
(oawH whilst holding the flower at about a yard's 
distance from a window, and the pollinium hit the 
pane of glass, and stuck by its adliesive disc, to the 
smooth vertical surface. 

The following observations on thp nature of the 
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excitement wliicb causes tlie disc to separaW from the 
surrounding parts, include some made on the following 
species. Several flowers were sent me by post and by 
the railroad, and must have been much jarred, but 
they had not exploded. I let two flowers fall from a 
height of two or three inches on the table, but the 
poUinia were not ejected. I cut off with a crash with 
a pair of scissors the thick labellum and ovarium 
close beneath the Sower ; but thia violence produced 
no effect. Nor did deep pricts in various parts of the 
column, even within the atigmatic chamber, A blow, 
sufficiently hard to knock off the anther, causes the 
ejection of the pollinium, as occurred to me once 
by accident. Twice I pressed rather hard on the 
pedicel, and consequently on the underlying ros- 
tellum, without any effect. Whilst pressing on the 
pedicel, I gently removed the anther, and then the 
pollen-bearing end of the pollinium sprang up from 
its elasticity, and this movement caused the disc to 
separate. M. M6ni&re,* however, states that the 
anther-case sometimes detaches itself, or can be gently 
detached, without the disc separating ; and that then 
the upper end of the pedicel, bearing the pollen-masses, 
swings downwards in front of the stigmatic chamber. 

After trials made on fifteen flowers of three species, 
I find that no moderate degree of violence on any 
part of the flower, except on the antennfe, produces 
any effect. But when the left-hand antenna of 0. 
laeratum, or either antenna of the three following 
B\)ecies, is touched, the pollinium is instantly ejecteil. 
The extreme tip and the whole length of the antenntu 
are sensitive. In one specimen of G. iridentatwii a 
toach from a bristle sufficed ; in five specimens of 
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G. laccaium a gentle touch from a fine needle was 
necpssary ; but in four other specimens a slight blow 
was requisite. In 0. trtdenfatum a stream of air and 
of cold water from a small pipe did not suffice ; nor 
in any case did a touch from a human hair; so that 
the antennee are less sensitiye than the rostellum of 
Liatera. Such extreme sensitiveness would indeed 
have been useless to the plant, for, as is now known, 
tiie flowers are visited by powerful insects. 

That the disc does not separate owing to the simple 
mechanical movement of the antennie is certain ; for 
they adhere firmly fur a considerable space to the 
aides of the stigmatic chamber, and are thus im- 
movably fixed near their bases. If a vibration is 
conveyed along them, it must be of some special 
nature, for ordinary jars of manifold greater strength 
do not excite the act of rupture. The fiowers in some 
cases, when they first arrived, were not sensitive, but 
after the cut-off spikes bad stood for a day or two in 
water they became sensitive. Whether this was owing 
to fuller maturity or to the absorption of water, I know 
not. Two flowers of C. caUoswn, which were completely 
torpid, were immersed in tepid water for an hour; 
and then the antenna became highly sensitive ; this 
indicates either that the cellular tissue of the antennse 
must be turgid in order to receive and convey the 
eflfects of a touch, or, as is more probable, heat in- 
creases their sensitiveness. Two other flowers placed 
in hot water, but not so hot as to scald my fingers, 
spontaneously ejected their poUinia. A plant of 0. 
tridentattim had been kept for some days in a rather 
cool house, and the antenna were consequently in a 
torpid condition ; a flower was cut off and placed in 
water at a temperature of 100° F. (37-7° 0.), and no 
effect was immediately produced ; but when it was 
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looked at after an interval of 1" 30° the poUinium was 
found ejected. Another flower was placed in water at 
90" F. (32-2° C), and after 25" the pollinium was found 
ejected: two other flowers left for 20™- in water at 
87° F. (30-5° C.) did not explode, though they were after- 
wai'ds proved to be sensitive to a slight touch. Lastly, 
four flowers were placed in water at 83° F. (28-3° C.) ; 
two of these did not eject their poUinia in 45°, and 
were then found to be sensitive ; whereas the other two, 
when looked at after 1" IS""-, had spontaneously ejected 
their poUinia, These c-ases show that immersion in 
water raised to a temperature only a little higher than 
that to which the plant had been exjmsed, causes the 
membrane by which the discs are attached to rupture. 
A thin stream of almost boiling water was allowed to 
fall through a fine pipe on the antenna; of some flowers 
on the above plant ; these were softened and killed 
but the pollinia were not ejected. Nor did sulphuric 
acid, dropped on the tips of the antennas, cause any 
action ; though their upper parts which had not 
been injured by the acid were afterwards found to be 
sensitive to a touch. In these two latter cases, I 
presume that the shock was so sudden and violent 
that the tissue was instantly killed. Considering 
the above several facts, we may infer that it must 
be some molecular change which is conveyed along 
the antenna;, causing the membrane round the discs to 
rupture. In G. tridentatum, the antennre were one inch 
and a tenth in length, and a gentle touch from a bristle 
on the extreme tip was conveyed, as far as I could 
perceive, instantaneously throughout this length. I 
measured several cells in the tissue composing the 
antcnniB of this species, and on a rough average it 
appeared that the atiniulua must travel through no less 
than from seventy to eighty cells. 



190 TAHDIA. Obap. vn. 

We may, at least, safely conclude that the antemue, 
whifh are charaoteristic of the genus Catasetum, are 
Bpecially adapted to receive and convey the effects of 
a touch to the disc of the pollinium. This causes the 
membrane to rupture, and the polliuium is then ejected 
by the elasticity of ita pedicel. If we required further 
proof, nature affords it in the case of the so-called 
genus Mouachanthus, which, as we shall presently see^ 
is the female of Catasetum trideniaium, and it does not 
possess poUinia which cau be ejected, and the antennat 
are here entirely absent. 

I have stated that in C. saccatum the right-hand 
antenna invariably hangs down, with the tip turned 
slightly outwards, and that it is almost paralysed. I 
ground my belief on five trials, in which I violently 
bit, bent, and pricked this antenna, and this produced 
no effect ; but when immediately afterwards the left- 
hand antenna was touched with much less force, the 
pollinium was shot forth. In a sixth case a forcible 
blow on the right-hand antenna did cause the act of 
ejection, bo that it is not completely paralysed. As 
this antenna does not guard the labellum, which in all 
Orchids is the part attractive, that is to insects, its 
sensitiveness would be useless. 

From the large size of the flower, more especially 
oi the viscid disc, and from its wonderful power of 
adhesion, I formerly inferred that the flowers were 
visited by large insects, and this is now known to be 
the case. The viscid matter sticks ao firmly after it 
has set hard, and the pedicel is so strong (though very 
thin and only one-twentieth of an inch in breadth at 
the hinge), that to my surprise a pollinium attached 
to au object supported for a few seconds a weight of 
1262 grains, or nearly thi-ee ounces ; and it 8Upport.ed 
for a considerable time a slightly less weight. When 
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the pollinium ia shot forth, the large spike-libe anther 
is generally carried with it. If the disc strikes a flat 
surface like a table, the momentum from the weight 
of the anther often carries the poll en- bearing end 
beyond the disc, and the pollinium is thus affixed in 
a wrong direction for the fertilisation of another 
flower, supposing it to have been attached to an 
insect's body. The flight of the pollinium is often 
rather crooked, " But it must not be forgotten that 
under nature the ejection is caused by the anteunte 
being touched by a large insect standing on the la- 
bellum, which will thus have its head and thorax 
placed near to the anther. A rounded object thus 
held is always accurately struck in the mi<idle, and 
when removed with the pollinium adhering to it, the 
weight of the anther depresses the hinge of the pol- 
linium; and in this position the anther-caso readily 
drops off, leaving the balls of pollen free, in a proper 
position for fertilising the female flower. The utility 
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of 80 forcible au ejection no doubt is to ilrive the soft 
and viscid cushion of the disc against the hairy thorax 
of the large hymenopterous insects which frequent the 
flowers. When once attached to an insect, assuredly 
no force which the insect could exert would remove 
the disc and pedicel ; but the caudiclea are ruptured 
without much dif[iculty, and thus tlie balls of pollen 
might readily be left on the adhesive stigma of the 
female flower. 

Oatasetum callosum. — The flowers of this speoiea " are 
smaller than those of the last, but resemble them in 
must respects. The edge of the labellum is covered 
with papillce ; the cavity in the middle is small, and 
behind it there is an elongated anvil-like projection, 
— facts which I mention from the resemblance in some 
of these points between the labellum of this species 
and that of Myanthus barbcUua, the hermaphrodite form 
of Gulasetmi tridentatum, presently to be described. 
When either antenna is touched, the polliuium is 
ejected with much force. The yellow-coloured pedicel 
is much bowed, and is joined by a hinge to the ex- 
tremely viscid disc. The two antennas stand sym- 
metrically on each side of the anvil-like projection, 
with their tips lying within the small cavity of the 
labellum. The walls of this cavity have a pleasant 
nutritious taste. The antennae are remarkable, from 
their whole surface being roughened with papillaj. 
The plant is a male, and the female form is at present 
unknown. 

Oataadum iabulare. — This species belongs to the 
game type as 0. saccatum, but differs greatly from it in 
appearance, The central portion of the labellum con- 
idatB of a narrow, elongated, table-like projection, of 
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an almost white colour and formed of a thick mass 
of succulent tissue, having a sweetish taste. Towards 
the base of the labellum there is a large cavity, which 
externally resembles the nectary of an ordinary flower, 
but apparently never contains nectar. The pointed 
extremity of the left-hand antenna lies within this 
cavity, and would infallibly be touched by an insect 
gnawing the bilobed and basal end of the medial pro- 
jection of the labellum. The right-hand antenna is 
turned inwards, with the extreme part bent at right 
angles and pressed against the column ; therefore I 
do not doubt that it is paralysed as in C. saccatvm; 
but the flowers examined by me had lost almost all 
their- sensitiveness. 

Oatasetum pianiceps (?). — This species does not differ 
much from the following one, ao I will describe it 
briefly. The green and spotted labellum stands on 
the upper side of the flower ; it is jar-shaped, with 
a small orifice. The two elongated and roughened 
antennffi lie coiled up some little way apart and 
parallel to one another, within the labellum. They 
are both sensitive to a touch. 

Oalasetum tridentatum. — The general appearance 
of this species, which is very different from that of 
0, taeeatum, caUosum and idbulare, is represented in 
fig. 30, with a sepal on each side cut off. 

The flower stands with the labellum uppermost, that 
is, in a reversed position compared with most Orchids. 
The labellnm is helmet-shaped, its distal portion being 
reduced to three small poiuts. It cannot hold neotar 
from its position ; but the walls are thick, and have, as 
in the other species, a pleasant nutritious taste. The 
Btigmatic chamber, though functionless as a stigma, 
is of large size. The summit of the column, and the 
spike-like anther, are not so much elongated as in 
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important 

difference. The antennae are of greater length ; their 
tips for about one-twentieth of their length are 
roughened by cells prodnced into papillaa. 

Fig. 30. 




a, with two ot' the aapftlB 



The pedicel of the pollinium is articulated as before 
by a hinge to the disc ; it can move freely only in one 
direction owing to one end of the disc being upturned, 
and this restricted power of movement apparently 
comes into play when the pollinium is carried by an 
insect to the female flower. The disc is, as in the other 
species, of large size, and the end which when ejected 
first strikes any object, is much more viscid than the 
rest of the smface. This latter surface is drenched 
with a milky fluid, which, when exposed to the air, 
rapidly turns brown, and sets into a cheesy consistence. 
The upper surface of the disc consists of strong mem- 
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(iraae formed of polygonal cells, reatiog on and adhering 
to a thick cushion, formed of irregular rounded balls 
of brown matter, separated from each other and em- 
bedded in a transparent, structureless, highly elastic 
substance. This cushion towards the posterior end of 
the disc graduates into viscid matter, which when 
consolidated is brown, translucent, and homogeneous. 
Altogether the disc of Catasetum presents a much 
more complex structure than in the other Vandete. 

I need not further describe the present species. 
except as to the position of the antennie. They oc- 
cupied exactly the same position in all the many 
flowers which were examined. Both lie curled within 
the helmet-like labellum ; the left-hand one stands 
higher up, with its inwardly bowed extremity in the 
middle ; the right-hand antenna lies lower down and 
crosses the whole base of the labellum, with the tip 
just projecting beyond the left margin of the base of 
the column. Both are sensitive, but apparently the 
one which is coiled within the middle of the labellum 
is the more sensitive of the two. From the position 
of the petals and sepals, an insect visiting the flower 
would almost certainly alight on the crest of the la- 
bellum ; and it could hardly gnaw any part of the 
great cavity without touching one of the two antenniE, 
for the left-hand one guards the upper part, and the 
right-hand one the lower part. When either of these 
is touched the pollinium ia ejected and the disc will 
strike the head or thorax of the insect. 

The position of the ant«nnffi in this Catasetum may 
be compared with that of a man with his left arm raised 
and bent so that his hand stands in front of hia chest, 
and with his right arm crossing his body lower down 
80 that the fingers project just beyond his left side. 
Ill Catasetum caUosum both axma are held lower down 
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and are extended symmetrically. In G. sacratum the 
left arm ib bowed and held in front, ob in C triden- 
tatum, but rather lower clown ; whilst the right arm 
hangs downwards paralysed, with the hand turned a 
little outwards. In every case notice will be given in 
an admirable manner, when an insect visits the label- 
lum, and the time has arrived for the ejection of the 
poUinium, so that it may he transported to the female 
plant. 

Caiasetum iridentatwm is interesting under another 
point of view. Botanists were astonished when Sir B. 
Schomburgk* stated that he had seen three forms, 
believed to constitute three distinct genera, namely, 
OatasBtum tridentatum, MonaehaiUhus viridia, and 
Myanthus harbaius, all growing on the same plant. 
Lindley remarked f that "such cases shake to the 
foundation all our ideas of the stability of genera and 
species." Sir E. Schomburgk aSirms that he has seen 
hundreds of plants of 0. triderttaium in Esaequibo with- 
out ever finding one specimen with seeds ;J whereas 



* 'TrausBclionl of tlio LinmsD 
Soc' vol. xyii. p. fi-J.2. Another 
kooonnt by Dr. Lioilley appeared 
in Ihe ' ISutatiiciLl Kegi'^ter,' fol. 
1H51, of a diBtinot apecieB of My- 
aathuaand ManncLaTitlmBajipear- 
inj: on the i»me I9ca|je : hu BlLudea 
also to other cosea. Borne of tin; 
flowers in tht-Be cbbob were in Bn iu- 
teniiediate condition, which la not 
HiirpriuiDg. ^L'ing ihut in diosc-iuus 
lilautiinBBOmeliiuiiiIiavea pjrtiul 
reuumption of the clinructent of 
Ijoth xeicB. Mr. Bodgem of Kiver- 
hill informs mu tliet be iuijioit.d 
from Deiueram a Myunthus, end 
that when it flowered a t«ci>iid 
tiuia it waB luetatuorjjhoaed iato 
it Cntasetam. Dr. CarpeDler 
(' Ouni parat We Phyiiiolo)^;,' 41b. 
edit. p. U33) alludes to an aoa- 
lDgt>uti ciiiio whiob occurred at 



Brial'il. Lanlly Dtau Herbert 
iiifortDcd me many years af^o that 
Catateiam lun'iluni flowered and 
kej^t trie for nine yean in the 
Botanic Gardon at York; it then 
Ihren up a aoape of a Myantlius, 
which as we sliall pri Bently cee U 
an hermaplirodite.interiJiediateiD 
fonii iKitweentliemalenndti male. 
M. Duchartro has Riven a fiill hi»- 
torii'al accoutit rif tbo niipffiirance 
of thoHi furiuH ou the aame plant, 
in 'BulL de la Soc. Bol de 
France," toI. ii. 1862. p. 113. 

t The 'VegBtaUe Kingdom; 
1853, p. 178. 

i Bmngniart Bt^itee (' BulL de 
la Soo. U'A. de Friinoe,' [oiii. ii. 
18^5, p. 30} tbnt K. Neainann, a 
■fcilfuf fertUiseT of Orchids, oould 
never succeed in fertilising Oata- 
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. at the gigantic seed-vosaela of the 
Monachanthua ; and he correctly remarks that " here 
we have traces of sesual difference in Orchideoua 
flowers." Dr. Crflger also informs me that in Trinidad 
he never saw capsules naturally produced by the 
flowers of this Catasetum;* nor when they were fer- 
tilised by him with their own pollen, as was done 
repeatedly. On the other hand, when he fertilised 
the flowers of the Monackmnthus viridis with pollen 
from the Catasetum, the operation never failed. The 
Monachanthua also commonly producea fruit in a state 
of nature. 

From what I had myself observed, I was led to 
examine carefully the female organs of C. tridentatum, 
O'lUosum, and saccatum. In no case was the stigmatic 
surface viscid, aa it la in all other Orchids (except as 
we shall hereafter see in Cypripedium), and as is 
indispensable for securing the pollen-masses by the 
rupture of the caudicles. I carefully looked to this 
point both iu young and old flowers of C. tridentatum. 
When the surface of the stigmatic chamber and of the 
stigmatic canal of the above-named three species is 
scraped off, after having been kept in spirits, it is found 
to be composed of utriculi (including nuclei of the 
proper shape), but not nearly eo numerous as with 
ordinary Orchids. The utriculi cohere more together 



* Dr. Haooe writes to ma that 
he I aa in Ijts collection h plunt of 
CalanntiHn irvtentatam from the 
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oalf thL' viaoid disc of b pollioium 
within tho ttigma, a ripe fruit 
was produoeii ; bui it nia; be 
asked. Did the setidH e<int4fn 



198 VANDB*. Cntr. VIL 

and are more transparent ; I examined for compariaon 
those of many kinds of Onihids which had been kept 
in spirits, and in all found them much less transparent. 
In 0. tridentaium, the ovarium is shorter, much less 
deeply furrowed, narrower at the base, and internally 
more solid than in Monoirhanthus. Again, in all 
three species of Catasetum the ovule-bearing cords 
are short ; and the ovules present a considerably dif- 
ferent appearance, in being thinner, more transpareni, 
and less pulj>y than in the numerous other Orchids 
examined for the sake of comparison. Perhaps these 
bodies hardly ought to bo called ovules, although they 
correspond closely in general appearance and positiou 
with true ovules, for I was anable in any case to make 
out the opening of the testa and the included nucleus ; 
nor were the ovules ever inverted. 

From these several facts, namely, — the shortness, 
smoothness, and narrowness of the ovarium, the short- 
ness of the ovule-bearing cords, the state of the ovules 
themselves, the stigmatic surface not being viscid, the 
transparent condition of the utriculi,— and &om neither 
Sir R. Schomburgk nor Dr. Criiger having ever seen 
C. tridentatum producing seed in its native home, 
or when artificially fertilised, we may confidently 
look at this species, as well as the other species of 
Catasetum, as male plants. 

With respect to Monackaathiis viridis, and Myanthua 
barbatua, the President of the Linnean Society has 
kindly permitted me to examine the spike bearing 
these two so-called genera, preserved in spirits, which 
was sent home by Sir R. Schomburgk. The flower of 
the Monachanthua (A, fig. 31) resembles pretty closely 
in external appearance that of Catasetum tridentatum 
(fig. 30). The labellum, which holds the same relative 
position to the otiier parts, is not nearly so deep, 
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especially on the sides, and its edge is crenated. The 
other petals and sepals are all reflexed, and are not bo 
much spotted as in the Cataaetum. The bract at the 
base of the ovariom is much larger. The whole coliimii, 
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especially the filament and the spike-like anther, are 
much shorter ; and the rostellum is much less protn- 
ber&nt. The antennie are entirely absent, and the 
pollen-masses are rudimentary. These are interesting 



200 vAKDEaL Ch*p. vn. 

facts, from eorrobomting the view taken of the function 
of the anteimie ; for as there are no pollinia to eject, 
an organ adapted to convoy tho atimulua from the 
touch of an insect to the rostellum would be useless, 
I could find no trace of a viscid disc or pedicel, and 
no doubt they had been lost ; fur Dr. Criiger says* 
that " the anther of the female flower drops off imme- 
diately after the opening of the same, i. e. before the 
flower has reached perfection as regards colour, size, 
and smell. The disc does not cohere, or very slightly, 
to the pollen-masses, but drops off about the same 
time, with the anther ;" leaving behind them the rudi- 
mentary pollen-masses. 

Instead of a largo stigmatic chamber, there is a 
narrow transverse cleft close beneath the small anther. 
I was able to insert one of the pollen-masses of the 
male Catasetum into this cleft, which from having been 
kept in spirits was lined with coagulated beads of 
viscid matter, and with utriculi. The ntriculi, differ- 
ently from those in CataBetum, were charged (after 
having been kept in spirits) with brown matter. The 
ovarium is longer, thicker near the base, and more 
plainly furrowed than in Catasetum ; the ovule-bearing 
cords are also much longer, and the ovules more opaque 
and pulpy, as in all common Orchids. I believe that 
I saw the opening at the partially inverted end of the 
testa, with a large projecting nucleus ; but as the speci- 
mens had been kept many years in spirits and were 
somewhat altered, I dare not speak positively. From 
these facts alone it is almost certain that Monachanthus 
is a female plant ; and as already stated, Sir R. 
Schomburgk and Dr. Criiger have both seen it seeding 
abundantly. Altogether the flower diffras in a moat 
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remarkable manner from that of the male Oatasetum 
tridentatum, and it ia no wotidor that the two plants 
were formerly ranked as distinct genera. 

The pollen-masses offer so curious and good an illus- 
tration of a structure in a rudimentary condition, that 
they are worth description ; but I must first recur to 
the perfect pollen-masses of the male Catasetum. 
These may be seen at D and E, fig. 29, attached to 
the pedicel : they consist of a large sheet of cemented 
or waxy pollen-grains, folded over so as to form a 
sack, with an open slit along the lower surface, within 
which at the lower and produced end, a layer of highly 
elastic tissue, forming the caudicle, is attached ; the 
other end being attached to the pedicel of the rostellum. 
The exterior grains of pollen are more angular, have 
thicker walla, and are yellower than the interior grains. 
In the early bud the two pollen-masses are enveloped 
in two conjoined membranous sacks, which are soon 
penetrated by the two produced ends of the pollen- 
masses and by their caudicles ; and afterwards the 
extremities of the caudicles adhere to the pedicel. 
Before the flower expands the membranous sacks in- 
cluding the two poUen-raasses open ; and the pollen- 
massea are left resting naked on the back of the 
rostellnm. 

In Monachanthus, on the other hand, the two mem- 
branous sacks containing the rudimentary pollen- 
maasea never open ; but they easily separate from each 
other and from the anther. The tissue of which they 
are formed is thiuk and pulpy. Like most rudi- 
mentary parts, the pollen-maasea vary much in size 
nud form; they are only about one-tenth of the bulk 
of those of the male ; they are flask -shaped (p, fig. 31), 
with the lower end greatly produced so as almost to 
penetrate the exterior or membrancuis sack. There is 
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no fieanre along their lower aiirl'ucea lor the piotrusion 
of the caudicles. The exterior pollen-grains are square 
and have thicker walls thou the interior grains, just as 
in the proper male pollen ; and, nbut is very cnrious, 
each cell has its nucleus. Jiow, R. Brown stntes* that 
in the early stages of the formation of the polleu-graina 
of ordinary Orchids (as with other plants) a minute 
nucleus is often risible ; so that the rudimentary pollen- 
grains of Moaachanthus apparently have retained — as 
is so general with rudiments in the animal kingdom— 
an embryonic character. Lastly, at the base, within 
each flask-shaped poUen-maas, there is a little muss of 
brown elastic tissue, — that is, u vestige of a caudiule, — 
which runs far up the pointed end of the flask, but 
does not (ut least in some of the specimens) come to 
the surface, and could never be attached to any part of 
the pedicel. These rudimentary and enclosed caudicles 
are, ther^'ore, utterly useless. Notwithstanding the 
small size and almost aborted condition of the female 
pollen-masses, when they were placed by Dr, Cruger 
within the stigma of a female plant they emitted " here 
and there a rudimentary tube." The petals then faded 
and the ovarium enlarged, but after a week it turned 
yellow and finally dropped off without bringing any 
seeds to perfection. This appears to me a very curious 
instance of the slow and gradual manner in whicli 
structures are modified ; for the female pollen-masses, 
which can never be naturally removed or applied to 
the stigma, still partially retain their former powers 
and function. 

Thus every detail of structure which characterises 
the male pollen-masses is represented in the female 
plant in a useless condition. Such cases are familiar to 
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every naturalist, but can never be observed without 
renewed interest. At a period not far distant, natura- 
lists will hear with surprise, perhaps with derision, that 
grave and learned men formerly maintained that such 
useless organs were not lemuants retained by inherit- 
ance, but were specially created and arranged in their 
proper places like dishes on a table (this is the simile 
of a distinguished botanist) by an Omnipotent hand 
" to complete the scheme of nature." 

The third form, Mi/anthus barbatus (fig, 31, B), is 
sometimes borne on the same plant togelier with the 
two preceding forms. The flowers differ greatly in 
external appearance, but not in essential structure, 
from those of both the other forms. They generally 
stand in a reversed position, compared with those of 
Gatasetuin Iridenlatum and of Monackanthm vifidiii, 
that is, with the labellum downwards. The labellum 
is fringed in an extraordinary manner with long 
papillae ; it has a quite insiguiflcant medial cavity, 
at the liinder margin of which a curious curved and 
flattened horn projects, which represents the anvil-like 
projection on the labellum of the nmle C. callosum. 
The other petals and sepals are spotted and elongated, 
with the two lower sepals alone reflexed. The antennie 
are not so long as in the uaale 0. tridetdatum ; they 
project symmetrically on each side of the horn-like 
process at the base of the labellum, with their tips, 
which are not roughened with papillse, almost entering 
the medial cavity. The stigmatic chamiier is of nearly 
intermediate size between that of the male and female 
forms; it is lined with utriculi charged with brown 
matter. The straight and well-furrowed ovarium is 
nearly twice as long as that of the female Monachan- 
thus, but not so thick where it joins the flower; the 
ovules are opaque and pnlpy after having been kept 
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in spirits, and resemble those of tlie female in all 
respects, but are Lot bo numerous. I lielieve that I 
Baw the nucleus projecting from the testa, but dare 
not, as in the case of the Monachanthus, speak posi- 
tively. The poUinia are about a quarter of the size 
of those of the male Cataaotum, but have a perfectJy 
well developed disc and pedicel. The poUen-masses 
Were lost in the spucimens examined by me ; but 
Mr. Reiss has given, in the Linnean Tranaactiona, a 
drawing of them, showing that they are of due pro- 
portional size and have the proi>er folded or cleft 
structure, within which the caudicles are attaohed. 
Thus 03 both the male and female organs are in 
appearance perfect, Myanthua harhatus may be con- 
sidered as an hermaphrodite form of the same species, 
of which the Catasetum is the male and Monachan- 
thus the female. Nevertheless, the intermediate forms, 
which are common in Trinidad, and which resemble 
more or less closely the above described Myauthus, 
have never been seen by Dr. Cruger to produce seed- 
capsules. 

It is a highly remarkable fact, that this sterile 
hermaphrodite form resembles in its whole appearance 
and Btrncfcure the males of two other species, namely, 
G. aaccatum and more especially C. odUosum, much 
more closely than it does either the male or female 
form of the same species. As all orchids, with the 
exception of a few in the present small sub-family, as 
well as all the members of several allied groups of 
plants, are herraaphrodites, there can be no doubt 
that the common progenitor of the Orchidea was 
an hermaphrodite. We may therefore attribute the 
hermaphrodite condition and the general appearance 
of Myauthus to reversion to a former state ; and if 
BO, the unceatnrB of all the species of Oatasetum must 



CnAP. Vir. CATASETL'M TRIDESTATIIM. 205 

have resembled tlie males of G. iaccatum aud eallosum, 
for as we have just seen, it is to these two plants that 
Myanthus presents so many striking resemblances* 

I-astly I may be permitted to add that Dr. Criiger, 
after having carefully observed these three forms in 
Triaidad, fully admits the truth of my conclusion that 
Gataaetum irideniatum is the male and Monachanthus 
viridis the female of the same species. He further 
confirms my prediction that insects are attracted to 
the flowers for the sake of gnawing the labellum, and 
that they carry the pollen-masses from the male to the 
female plant. He says " the male flower emits a 
peculiar smell about twenty-four hours after opening, 
and the antennie assume their greatest irritability at 
the same time. A large humble-bee, noisy and quarrel- 
some, is now attracted to the flowers by the smell, 
and a great number of them may be seen every morning 
for a few hours disputing with each other for a place in 
the interior of the labellum, for the purpose of gnawiug 
off the cellular tissue on the side opposite to the column, 
so that they turn their backs to the latter. As soon as 
they touch the upper antenna of the male flower, the 
pollen-mass, with its disc and gland, is fixed on their 
back, and they are often seen flying about with this 
peculiar-looking ornament on them. I have never 
seen it attached except to the very middle of the 
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thnmx. When tlie bee walks about, the poUen-masa 
liea flat on the buuk and wings ; but when the insect 
enters )i female flower, always with the labellum turned 
upwards, the polUnium, which ia hinged to the gland 
by elastic tissue, falls back by its own weight and rests 
un the anterior face of the column. When the insect 
returns backwards from the flower, the pollinia are 
caught by the upper margin of the stigmatic cavity, 
which projects a little beyond the face of the column ; 
and if the gland be then detached from the back of 
the insect, or the tissues which connect the pollinia 
with the caudicle, or this with the gland, break, fecun- 
dation takes place." Dr. Cruger sent me specimens 
of the humble-bees which he caught gnawing the 
labellum, and tliesc consist of Eugilosm nov. spec., ca- 
jenneims and piliventris. 

Oatasetum inentoaum and a Monachanthus, according 
to Fritz Miiller,' grow in the same district of South 
Brazil ; and he easily sncceeded in fertilising the 
latter with pollen from the former. The pollen-masaea 
could be inserted only partially into the narrow 
stigmatic cleft ; but when this was done, a .process of 
deglutition, as described under Cirrhaja, commenced 
and was slowly completed. On the other hand, Fritz 
Muller entirely failed in his attempts to fertilise the 
flowers of this Catasetum with its own pollen or with 
that from another plant. The pollinia of the female 
Monachanthus are very small ; the pollen-grains are 
variable both in size and shape ; the anther never 
opens, and the pollen-masaes are not attached to 
the caudicle. Nevertheless, when these rudimentary 
pollen-mosses, which can never naturally be removed 
from their cells, were placed on the slightly viscid 
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stigma of the male Catasetum, they emitted their 
tnbes. 

The genuB Catasetum is intereating to an lumsual 
degree in several respects. The separation of the 
sexes is unknown amongst other Orchids, except per- 
haps in the allied genus Cycnoches. In Catasetum 
we have three sexual forms, generally borne on sepa- 
rate plants, but sometimea mingled together on the 
same plaut; and these three forms are wonderfully 
different from one another, much more different than, 
for instance, a peacock is from a peahen. But the 
appearance of these three forms now ceases to be an 
anomaly, and can no longer be viewed as an unparal- 
leled instance of variability. 

This genus is still more interesting in its manner of 
fertilisation. We see a flower patiently waiting with 
its antennae stretched forth in a well-adapted position, 
really to give notice whenever an insect puts its head 
into the cavity of the labellum. The female Mona- 
cbanthus, not having true pollinia to eject, is destituta 
of antennae. In the male and hermaphrodite forms, 
namely Catasetum tridentatum and Mijanthua barhatns, 
the pollinia lie doubled up, like a spring, ready to be 
instantly shot forth when the antenuie are touched. 
The disc end is always projected foremost, and is coated 
with viscid matter which quickly seta hard and affixes 
the hinged pedicel firmly to the insect's body. The 
insect flies from flower to flower, till at last it visits a 
female plant : it then inserts one of the poUen-masaes 
into the stigmatio cavity. As soon as the insect flies 
away the elastic caudicle, made weak enough to yield 
til the viscidity of the stigmatic surface, breaks, and 
leaves behind a pollen-mass ; then the pollen-tubes 
slowly protrude, {>enetrate the stigmatic canal, and the 
act lit fertilisation is completed. Who woiiltl h 
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been bold enuiigh to have surmised thut the propaga- 
tion of a species depended on so complex, so apparently 
artificial, and yet so admirable an arrangement ? 

I have examined three other genera placed by 
Lindley in the small sub-family of Catasetidfe, namely, 
Mormodea, Cycnoches and Cyrtopodium. The latter 
plant was purchased by me under thia name, and bore 
a flower-stem about four feet in height with yellowish 
bracts spotted with red ; but the flowers presented 
none of the remarkable peculiarities of the three other 
genera, with the exception that the anther was hinged 
to a point projecting from the summit of the column, 
as in Catasetum. 

Mormodea ignea. — To show how difficult it sometimes 
is to understand the manner in which an Orchid is 
fertilised, I may mention that I carefully examined 
twelve flowers," trying various experiments and re- 
cording the results, before I could at all make out the 
meaning and action of the several parts. It was plain 
that the pollinia were ejected, as in Catasetum, but 
how each part of the flower played its proper part I 
could not even conjecture. I had given up the case 
as hopeless, until summing up my observations, the 
explanation presently to be given, and subsequently 
proved by repeated experiments to be correct, suddenly 
occurred to me. 

The flower presents an extraordinary appearance, 
and its mechanism is even more curious than its aji- 
pearance (fig. 32). The base of the column is bent 
backwards, at right angles to the ovarium or footstalk. 
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and then resumes aa upright position to neai ita 
summit, where it is agiiin bent. It is, also, twisted in 
H unique manner, so that ita front surface, including 
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right or left, according to the position of the flower 
on the spike. The twisted stigmatic surface extends 
down to the base of the coJumn and is hollowed out 
into a deep cavity at its upjjor end. The large viscid 
disc of the pollininm is lodged in this cavity close be- 
neath the Tostellum ; and the rostellum is seen in the 
drawing (pd.) covered by the bowed petHcel. 

The anther-ease (a in the figure) is elongated and 
triangular, closely resembling that of Catjisetum; but 
it does not extend Up to tiie apex of tho oolumn. The 
apex consists of a thin Hattened Hlameut, which from 
the analogy of Catasetnm I suppose to be tlie produced 
filament of the stamen ; but it may be a prolongation 
of some other element of the column. In the bud- 
state it is straight, but before the flower expands, it 
becomes mueh bent by the pressure of the labellura. 
A group of spiral vessels runs up the column as far as 
the summit of the anther-case ; they are then reflexed 
and run some way down tho anther-case. The point 
of reflexion forms a short thin hinge by which the top 
of the anther-cttse is articulated to the column beneath 
its bent summit. The lunge, although smaller than a 
pin's head in size, is of paramoTrnt importance ; for it 
is sensitive and conveys the stimulus from a touch to 
the disc of the poUinium, causing it to separate from 
its place of attachment. The hinge also serves to 
guide the pollininm during its ejection. As it has 
to convey the necessary stimulus to the disc, one may 
suBpectthat a portion of the rostellum, which lies in 
close contact with the filament of the anther, runs up 
to this point ; but I. could not here detect any differ- 
ence in structure on comparing these parts with those 
of Catasetnm. The cellular tissue round the hinge 
ia gorged with fluid, and a large drop exudes when 
the anther ia torn from the column iluriu^' ihp ejectinu 
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i)f the pnUiiiium. Ttia gorged condition may perhaps 
facilitate the rupture of the hinge. 

The poUinium does not lUffer much from that of 
Catasetnm {see fig. 29, D, p. 183); and it lies iu like 
manner curved round the rostellum, which is leas protu- 
Iwrant thun in that genus. The upper and broad end of 
the pedicel, however, extends beneath the pollen-masses 
within the anther ; and these are attached by rather 
weak caudicles to a medial crest on its upper surface. 

The Tisttid surface of the large disc lies in contact 
with the roof of the atigmatic cavity, so that it cannot 
be touched by an insect visiting the flower. The 
anterior end of the disc is fnmiahed with a, small de- 
pendent curtain (dimly shoivn in fig. 32) ; and this, 
before the act of ejection, is continuously joined on 
each side to the upper margins of the stigmatic cavity. 
The pedicel is united to the posterior end of the disc ; 
hut when the disc is freed, the lowermost part of the 
pedicel becomes doubly bent, so that it then appears 
as if attached by a hinge to the centre of the disc. 

The labellum is a highly remarkable structure: it 
is narrowed at its base into a nearly cylindrical foot- 
stalk, and its sides are so much reflexed as almost to 
meet at the back, forming a folded crest on the sum- 
mit of the flower. After rising up perpendicularly 
it arches over the apex of the column, against which it 
is firmly pressed down. The labellum at this point is 
hollowed out (even in the bud) into a slight cavity, 
which receives the bent summit of the column. This 
slight depression manifestly represents the large cavity, 
with thick fleshy walls, which iniects gnaw, on the 
anterior surface of the labellum in the several species 
of Catasetuin. Here by a singular change of function, 
the cavity serves to keep the labellum in its proper 
position on the summit ul tin- column, IjUI is, perhaps, 
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likewise attractive to inaeots. In the drawing (fig. 32) 
the Iftbellum has been forcibly raised a little up, so as 
to show the depreasion and the bent filament. In its 
natural position it may almost be compared to a huge 
cocked-hat, supported by a footstalk and placed on the 
head of the column. 

The twisting of the column, which I have seen in 
no other Orchid, causes all the important organs of 
fnictiflcation in the flowers on the left side of the 
spike to face to the left, and in all those on the right 
side to face to the right. So that two flowers taken 
from opposite sides of the same spike and held in 
the same relative position are seen to be twisted in 
opposite directions. One single flower, which was 
crowded by the others, was barely twisted, so that its 
column faced the labellum. The labellum is also 
slightly twisted : for instance, in the flower figured, 
which faceil to the left, the midrib of the labellum was 
ftrst twisted to the right-hand, and then to the left, but 
in a less degree, and being bent over it pressed on the 
posterior surface of the crooked summit of the column. 
The twisting of all the parts of the flower commences 
in the bud. 

The position thus acquired by the several organs is 
of the highest importance ; for if the column and 
labellum had not been twisted laterally, the pollinia, 
when shot forth, would have struck the overarching 
labellum and have then rebounded, as actually oc- 
curred with the single abnormal flower having a nearly 
straight column. If the organs had not been twisted 
in opposite directions on the opposite sides of the same 
crowded spike, so as always to face to the outside, there 
would not have been a clear space for the ejection of 
the pollinia and their adhesion to insects. 

When the flower is mature the three sepals hang 
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down, but the two upper petals remain nearly upright. 
The bases of the sepals, and especially of the twu 
upper petals, are thick ajid swollen and have a 
yeUowish tint ; when q^uite mature, they are so gorged 
with fluid, that, if punctured by a fine glass tube, the 
fluid rises by capillary attraction to aome height in it. 
These swollen bases, as well as the footstalk of the 
labellum, have a decidedly sweet and pleasant taste ; 
and I can hardly doubt that they are attractive to 
insects, for no free nectar is secreted. 

I will now endeavour to show how all the parts oi 
the flower are co-ordinated and act together. Tho 
pedicel of the pollinium is bowed round the rostelhim, 
OS in Catasetum ; in this latter genus, when freed, 
it merely straightens itself with force, in Mormodes 
something more takes place. If the reader will look 
forward to fig, 34 (p. 223), he will see a section of the 
flower-bud of the allied genus of Cycnoches, which 
differs only in the shape of the anther and in the viscid 
disc having a much deeper dependent curtain. Now 
let him suppose the pedicel of the pollinium to be so 
elastic that, when freed, it not only straightens itself, 
but suddenly bends back on itself with a reversed 
curvature, so as to form an irregiilor hoop. The 
curved surface which was before in contact with 
the protuberant rostellum now forms the outside 
of the hoop. The exterior surface of the curtain, 
which depends beneath the disc, is not viscid; and 
it now lies on the anther-case, with the viscid surface 
of the disc on the outside. This is exactly what takes 
place with Mormodes. But the pollinium assumes 
with such force its reversed curvature (aided, appa- 
rently, by a transverse curling outwards of the margins 
of the pedicel), that it not only forms itself into a 
hoop, but sudfleuly springs away from the protuberant 
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face of the rostellum. As the two poUen-maasea 
adhere, at first, rather firmly to the anther-case, the 
latter is torn oflT by the rebound ; and as the thin 
hinge at the summit of the anther-case does not yield 
so easily as the basal margin, the pollinium together 
with the anther-ease is instantly swung upwards like a 
pendulum. But in the course of the upward swing 
the hinge yields, and the whole body is projected 
perpendicularly up in the air, an inch or two above and 
close in front of the terminal part of the labellum. If 
no object is in the way, as the pollinium falls down, 
it generally alights and sticks, though not firmly, on 
the folded crest of the labellum, directly over the 
column. I witnessed repeatedly all that haa been 
here described. 

The curtain of the disc, which, after the pollinium 
has formed itself into a hoop, lies on the anther-case, 
is of considerable service in preventing the viscid edge 
of the disc from adhering to the anther, and thus 
permanently retaining the pollinium in the form of a 
hoop. This would have been fatal, as we shall pre- 
sently see, to a subsequent movement of the pollinium 
which is necessary for the fertilisation of the flower. 
In some of my experiments, when the free action 
of the parts was checked, this did occur, and the 
pollinium, together with the anther-case, remained 
permanently glued together in the shape of an ir- 
regular hoop. 

I have already stated that the minute hinge by 
which the anther-ease is articulated to the column, a 
little way beneath its bent filamentary apex, is sen- 
sitive to a touch, I tried four times and found 
that I Could touch with some force any other part ; 
hut when I gently touched this point with the finest 
needle, instantly the membrane which unites the disc 
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to the edges of the stigmatic cavity where it is lodged, 
rnptured, and the pollinium waa shot upwards and fell 
on the crest of the labellum as just described. 

Now let ua suppose an insect to alight on the 
folded crest of the labellum, and no other convenient 
landing-place is aiTorded, and then to lean over the 
front of the column so as to gnaw or suck the bases of 
the petals swollen with sweet fluid. The weight and 
movements of the insect would disturb the labellum 
and the bent underlying summit of the column ; and 
the latter, pressing on the hinge in the angle, would 
cause the ejection of the pollinium, which would in- 
fallibly strike the head of the insect and adhere to 
it. I tried by placing my gloved finger on the summit 
of the labellum, with the tip just projecting beyond 
its margin, and then gently moving my finger it was 
really beautiful to see how instantly the pollinium 
was projected upwai-ds, aud how accurately tlie viscid 
surface of the disc struck my finger aud firmly 
adhered to it. Nevertheless, I doubt whether the 
weight and movements of an insect would suffice to 
thus act indirectly on the sensitive point ; hut look 
at the drawing and see how probable it is that an 
insect leaning over would place its front legs over the 
edge of the labellum on the suaimit of the anther- 
tiise, and thus touch the sensitive point. The pol- 
linium would then be ejected, and the viscid disc 
would certainly strike and adhere to the insect's head. 

Before proceeding, it may be worth while to mention 
some of the early trials which I made. I pricked 
deeply the column in different parts, inclnding the 
stigma, and cut off the petals, aud even the labellum, 
without causing the ejection of the pollinium; this, 
however, once happened when I cut rather roughly 
ihrough the thick footstalk of the laljellum, the liln- 
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meritary summit of the column no doubt having been 
thu3 disturbed. When 1 gently prised up the antber- 
caae at its base or on one aide, the pollinium was 
ejected, but then the sensitive hinge would necessarily 
have been bent. When the flower baa long remained 
expanded and is nearly ready for spontaneous ejection, 
a slight jar on any part of the flower causes tbe 
action. Pressure on tbe tbin pedicel of tbe poUinium, 
and therefore on tbe underlying protuberant rostellum, 
is followed by tbe ejection of the pollen-moaaea ; but 
this is not surprising, as the stimulus from a touch 
on the seuaitive binge has to be conveyed through 
this part of the rostellum to the disc. In Catasetum 
slight pressure on this point does not cause the act 
of ejection ; but in this genus tbe protuberant part of 
tbe rostellum does not lie in the course along which 
the stimulus has to be conveyed from the antennte 
to tbe disc. A drop of chloroform, of spirits of wine, or 
of boiling water placed on this part of the rostellum 
produced no effect ; nor, to my surprise, did esposute 
of the whole flower to vapour of chloroform. 

Seeing that this part of the rostellum was sensitive 
to pressure, and that the flower was widely open on 
one side, and being prc-occupied with the caae of Cata- 
setum, I at first felt convinced that insects entered the 
lower part of the flower and touched the rostellum. 
Accordingly I pressed tbe rostellum with variously- 
shaped objects, but the viscid dist^ never once adhered 
in a proper manner to the object. If I used a thick 
needle, the poUinium, when ejected, formed a hoop 
round it with the viscid surface outside ; if I used a 
broad flat object, the pollinium struggled against it 
and sometimes coiled itself up spirally, but the disc 
either did not adhere at all, or very iraporfeetly. At 
the close of the twelfth trial I was in despair. The 



MOHMODES KJNEA, 



217 



strange position of tbe labelhmi, perched on the femumit 
of the column, ought to have shown me that here was 
the place for experiment. I ought to have rejected 
the notion that the labellum was thus placed for no 
good purpose. Thia plain guide was overlooked, and 
for a long time I completely failed to understand the 
structure of the flower. 

We have seen that ivhen the poUinimn is ejected 
and BwingB upwards, it adheres by the viscid surface 
of the disc to any object projecting beyond the edge 
of the labellum directly over the column. When thus 
attached, it forms an irregular hoop, with the tom-off 
anther-case still covering the pollen-masses which are 
close to the disc, but protected from adhering to it 
by tlie dependent curtain. Whilst in this position 
the projecting and bowed part of the pedicel would 
effectually prevent the pollen-masses from being placed 
on the stigma, even supposing the anther-case to have 
fallen off. Now let ua suppose the pollinium to be 
attached to an insect's head, and observe what takes 
place. The pedicel, when first separated from the ros- 
tellum, is damp; as it dries, it slowly straightens 
itself, and when perfectly straight the anther-case 
readily drops off. The pollen-masses are now naked, 
and they are attached to the end of the pedicel by 
easily ruptured pendicles, at the right distance and in 
a proper position for their insertion into the adhesi* e 
stigma, as soon as the insect visits another flower. 
Thus every detail of structiire is now perfectly adapted 
for the act of fertilisation. 

When the anther-case drops off, it has performed its 
triple function ; namely, its hinge as an organ of sense, 
its weak attachment t.o the column ua a guide causing 
the pollinium at first to swing perpendicularly upwards, 
and its lower margin, together with the ciu'tain of the 
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disc, as a pTotection to the pollen-masses fruin being 
permanently glued to the viscid disc. 

From observations made on fifteen flowers, it was 
asc;ertained that the straightening of the pedicel does 
not occur until from twelve to fifteen minutes have 
elapsed. The first movement causing the act of ejeti- 
titin is due to elasticity, and the second slow movement 
to the drying of the outer and convex surface ; bat 
this latter movement differs from that observed in the 
pollinia of so many Vandete and Ophrea:, for, when 
the pollinium of this Mormodes was placed in water, 
it did not recover the hoop-like form which it had at 
Hrst acquired by elasticity. 

The flowers are hermaphrodites. The pollinia are 
perfectly developed. The elongated stigmatlc surface 
is extremely viscid and abounds with innumerable 
utriciili, the contents of which shrink and become 
coagulated after immersion for leas than an hour in 
spirits of wine. When placed in spirits for a day, the 
utriculi were so acted on that they disappeared, and this 
I have not noticed in any other Orchid. The ovules, 
after exposure to spirits for a day or two, presented 
the usual semi-opaque, pulpy appearance common to 
all hermaphrodite and female Orchids. From the 
unusual length of the stigniatic surface 1 expected 
that, if the pollinia were not ejected from the excite- 
ment of a touch, the anther-case would have detached 
itself, and the pollen-masses would have swung down- 
wards and fertilised the stigma of the same flower. 
Accordingly, I left four flowers untouched ; after they 
had remained expanded . from eight to ten days, the 
elasticity of tlie pedicel conquered the force of attach- 
ment and the pollinia were spontaneously ejected, but 
they did not fall on the stigma and were consequently 
wasted. 



M OK MODES LUXATA. 



219 



Although Mormodea ignea. is an hermaphrodite, yet 
it must be aa truly dicecious in function aa CataBetum ; 
for as it takes from twelve to fifteen minutes before 
the pedicel of an ejected pollinium straigbtena itselC 
and the anther-case drops off, it is almost certain that 
withiu this time an insect with a pollinium attachei.1 
to its head would have left one plant and flown to 
another. 

Mormodea luxata. — This rare and fine species is ferti- 
lised in the same manner as Mormodes igma, but differs 
in several important points of structure. The right 
and left aides of the same flower diff'er fi'om one another 
even in a greater degree than in the hist species. Out- 
of the petals and one of the sepals project at right 
angles to the column, while the corresponding ones 
stand upright anil surround it. The upturned and 
twisted labellum is furnished with two large lateral 
lobea ; of these one embraces the column, while the 
other stands partly open on the side where the one 
petal and sepal lie flat. Insects can thus easily enter 
the flower on this latter side. All the flowers on the 
left side of the spike are open on their left sides, while 
those on the right side are open on this side. The 
twisted column with all the important accessory parts, 
together with the rectangularly bent apex, closely re- 
semble the corresponding pnjta in M. ignta. But the 
under side of the labellum doea not rest on and press 
against the rectangularly bent apes of the column. 
This stands free in the middle of a cup formed by the 
extremity of the labellum. 

I did not obtain many flowera tit for examination, 
S8 three had ejected their polliniii owing to the shocks 
received during their journey. I pricked deeply the 
labellum, column and stigma of some of the flowers 
without any "effect; but when 1 lightly touched with n 
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Deedle, not the anther-hinge as in the last species, but 
the apex of the column of one flower, the pollinium 
was instantly ejected. Tho bases of the petals and 
sepuls are not swollen and succulent like those of 
M. ignea ; and I have little doubt that insects gnaw 
the labellum, which is thick and fleshy, with the same 
Ijeculiar taste as in Catasetum. If an insect were to 
gnaw the terminal cup, it could hardly fail to touch 
the apex of the column, and tlien the polUnium would 
swing upwards and adhere tiO some part of the insect's 
borly. The pedicels of the pollinia straighten them- 
selves and the anther-ciiaes are cast off, in about fifteen 
minutes after the act of ejection. We may therefore 
confidently believe that thia species is fertilised in the 
tuune peculiar manner as Mormodes ignea. 

Gyanockes ventricosum. — Mr. Veitch was ao kind as to 
send me on two occasions several flowers and flower- 
buds of this extraordinary plant. A sketch of a 
flower in its natural position, with one sepal cut oS, 
is shown at tig, 33 (p. 222), and a longitudinal section 
through a young bud at fig, 34 {p. 223). 

The labellum is thick and fleshy, with the usual 
taste of this organ in the Catasetidie ; it resembles in 
shape a shallow basin turned upside down. The two 
other petals and the three sepals are reflexed. The 
column is almost cylindrical, thin, flexible, elastic 
anfl of extraordinary length. It curves round so 
as to bring the stigma and anther opposite to and 
beneath the convex surface of the labellum. The 
apex of the column is not nearly so much produced as 
in Mormodes and Catasetum, The pollinia closely 
resemble those of Mormodes ; but the disc is larger, 
and its curtain, which is fringed, is so large that it 
covers the whole entrance into the stigmatic chamber. 
The structure of these parts is best seen in the sectioB, 
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fig. 34 ; in which the pedicel of the pollinium has not 
88 yet become separate from the rostelluni, but the 
future line of separation ia shown by a line (dotteil 
in the figure) of hyaline tissue. The filament of the 
anther (/, fig. 34) has not as yet grown to its full 
length. When fully developed it bears two little leaf- 
like appendages which lie on the anther. Lastly, 
on the sides of the stigma there are two slight 
protuberances (fig. 33), which apparently represent 
the antennie of Cataaetiim, but have not the same 
function. 

Neither the labellum nor the protuberances on the 
aides of the stigma are at all sensitive ; but when on 
three occasions 1 momentarily touched the filament, 
between the little leaf-like appendages, the pollinium 
was ejected in the same manner and through the 
same mechanism as in Mormodes ; but it waa thrown 
only to the distance of about an inch. If the filament 
had been touched by an object which had not been 
ijuickly removed, or if by an insect, the viscid disc 
would certainly have adhered to it. Mr. Veitch informs 
me that he has often touched the end of the column, 
and the pollinium has adhered to his finger. When 
the pollinium is ejected, the pedicel forms a hoop, with 
the exterior surface of the curtain of the disc resting 
on and covering the anther. In about fifteen minutes 
the pedicel straightens itself, and the anther-case 
drops off; and now the pollinium is in a right position 
for fertilising another flower. As soon as the viscid 
matter on the imder surface of the disc is exposed to 
the air it quickly changes colour and sets hard. It 
then adheres with surprising force to any object. 
From these various facts and from the analogy of the 
other Catasetidie, we may conclude that insects visit 
the flowers for the sake of gnawing the labellum ; 



but it cannot be predicted whether they alight on the 
surface which is uppermost in the drawing (fig. 33) and 




then crawl over the margiu so as to gnaw the convex 
aiirface, and in doing bo touch with their abdomens 
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the extremity of the column, or whether they first 
iilight on this part of the column ; but in either case 
they would cause the ejection of the pollinia, which 
would adhere to some part of their bodies. 
The BpecimenB which I examined were oertaiuly 

Fig. 34. 
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male plants, for the pollinia were well developed. The 
stigmatic cavity was lined with a thick layer of pulpy 
matter which was not adhesive. But as the flowers 
(.■aunot possibly be fertilised until the pollinia hare 
been ejected, together with the great curtain which 
covers the whole stigmatic surface, it may he that 
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this surface becomes at a later period udhesive bo as to 
secure the pollen-masses. The ovules when kept for 
some time in alcohol were filled with brownish puljiy 
matter, as is always the ease with perfect ovules. 
Theref()re it appears that this Cycnoches nmst be an 
hermaphrodite ; and Mr. Bateman, in his work on the 
Oichidese, says that the present species produces seeds 
without being, as I understand, artificially fertilised ; 
Ijut how this is possible is unintelligible to me. On 
the other hand, Beer says * that the stigma of Cyc- 
noches is dry, and that the plant never sets seeds. 
According to Lindley C. ventricosum produces on the 
same scape flowers with a simple labellum, others with 
A much segmented and diflerently coloured labellum 
(viz., the so-called C. egertonianum), and others in an 
intermediate condition. From the analogoua differ- | 
ences in the flowera of Catasetum, we are tempted to | 
believe that we here hare male, female, and herma- 
phrodite forms of the same species of Cycnoches. t 

1 have now finished my description of the Catasetidee 
as well as of many other Vandete. The study of these ' 
wonderful and often beautiful productions, with all 
their many adaptations, with parts cajiable of move- 
ment, and other parts endowed with something so like, 
though no doubt difierentfrom, sensibility, has been to 
me most interesting. The flowers of Orchids, in their 
strange and endless diversity of shape, may be com- 
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pared with the great vertebrate class of Fish, or still 
more appropriately with tropical Homopterous insects, 
which appear to us as if they had been modelled 
in the wildest caprice, but this no doubt is due to 
our ignorance of their requirements and conditions 
of life. 

11 
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OYPRIPEDE-E — UOMOLOOIES OP THE FLOWEKS OP 
ORCHIDS. 

Cypripedium, differs much from all other OrcbldB-^Labollum in tl 
fntm of H Btippcir witli two bdihII oriflnea hj whioli inaecta aiti escape 
— Mnnner of ffrtillBBliun by imaJI beas of Iho gnnua Andrena— 
Homolnglcul nature of the aeTcmt parts of the donors of tlie Orrhiden 
— Wondorfial iimount of modiflcfttion wliioh tliey havu 

We have now arrived at Liudley'H last and seventh I 
tribe, including, according to moat botanists, only a | 
single genua, Cypripodium, wbich differs from all f 
other Orchids far more than any other two of these j 
do from one another. An enormous amount of ex- 
tinction must have swept away a multitude of inter- I 
mediate forms, and has left this single genus, now I 
widely distributed, as a lecord of a former and more i 
simple state of the great Orchidean Order. Cypripe- | 
dium possesses no rostellum; for all three stigmas | 
are fully developed, though confluent. The single I 
. anther, which is jiresent in all other Orchids, is here I 
rudimentary, and ia represented by a singular ahield- 
like projecting body, deeply notched or hollowed out J 
on its lower margin. There are two fertCe anthers 1 
which belong to an inner whorl, represented in ordinary 
Orchids by vai'ious rudiments. The grains of pollei 
are not united together by threes or fours, as in so I 
many other genera, nor are they tied together by | 
elastic threads, nor furnished with a caudicle, 
cemenfed into waxy masses. The label liiro is 
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i size, and is a compound organ as in all other 
Orchids. 

The following remarks apply only to the six species 
which I have examined, namely, C. barbatum, pvrpu- 
ratum, itisigne, venustum, puhescens and aeauk ; though 
I have casually looked at some other kinds. The 
basal part of the labellum is folded round the short 




the sepals Had pctaU, eiwpliag 
tha Ubellum, pnrllr cut o£ 
The InlHllum hu heen •lightly 



B. Side Tie* of columD, »)th oil 
th« Mpalt aai petnl* remaveil. 



colunm, BO that its edges nearly meet along the dorsal 
surface ; and the broad extremity is folded over in a 
peculiar manner, formiug a sort of shoe, which closet) 
up the end of the flower. Hence arises the English 
name of L ad ies'-s Upper. The overarching edges of the 
liilwllum are inflected or nometimes only smooth and 
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polished internany ; and this is of mucli importance, , 
as it prevents inawta which imve once entered the I 
labellum i'rom escaping through the great o[>ening in I 
the upper surface. In the position in which the flower 
grows, as here represented, the dorsal surface of tho 
column is uppermost. The atigmatie eurfat-e is slightly 
protuberant, and is not adhesive ; it stands nearly 
parallel to the lower surface of the labelhim. With a 
flower in its natural state, the margin of the dorsal 
surface of the stigma can be barely distinguished be- 
tween the odgea of the labellum and through the . 
notch in the rudimentary, ahield-lilce anther (a') ; but * 
in the drawing (s, iig. A) the margin of tho stigma haa 
been brought outside the edges of the depressed la- I 
bellum, and the toe is a ] ittle bent downwards, so that 
the flower is represented us rather more open than it I 
really is. Tlie edges of the pollen-masses of the two ] 
lateral anthers (a) can be seen through the two small ' 
orifices or open spaces in the labellum (fig. A) on | 
each side, close to the column. These two orifices are J 
essential for the fertilisation of the flower. 

The grains of pollen are coated by and immersed in I 
viscid fluid, which is so glutinous that it can be drawn 
out into short threads. As the two anthers stand be- i 
hind and above the lower convex surface (see fig. B) of j 
the stigma, it is impossible that the glutinous pollei 
can without some mechanical aid get ou to this, the 
efficient surface of the stigma. The economy here 
shown by Nature in her manner of gaining the same 
end is surprising. In all the other Orchids seen by i 
me, the stigma is viscid and more or less concave, by 
which means the dry pollen, transported by means of 
the viscid matter secreted by the rostellum or modified 
stigma, is retained. In Cypripedium the pollen is 
glutiudua, and assumes the function of viscidity, which 
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in all other Orchids except Vanilla belougs exclusively 
to the rostellum and the two confluent stigmas. These 
latter organs, on the other hand, in Cypripedinm en- 
tirely lose theii' viscidity, and at the same time become 
slightly convex, so as more effectually to rub off thu 
glutinous pollen adhering to the body of an insect. 
Moreover in seveml of the North American sj)eciea, 
119 in 0. acaide and pvhescens, the surface of the stigma 
is beset, as Professor Asa Grray remarlcs, " " with 
minute, rigid, shai'p-ptnnted papillie, all directed for- 
wards, which are excellently adapted to brush off the 
pollen from an insect's head or back." There ia one 
partial exception to the above rule of the pollen of 
Cypripedium being viscid while the stigma ia not 
viscid and is not convex ; fur in C. aoavln the pollen 
is more granular and less viscid, according to Asa 
Gray, than in the other Americ^in species, and in 
C. aeaule alone the stigma is slightly concave and 
viscid. So that here the exception almost proves the 
truth of the general rule. 

I have never beon able to detect nectar within the 
labellum, and Kurrt makes the same remark with 
respect to G. ealeeolus. The inner surface of the la- 
bellum, however, in those species which I examined, 
is clothed with hairs, the tips of which secrete little 
drops of slightly viscid fluid. And these if sweet or 
nutritious would suffice to attract insects. The fluid 
when dried forms a brittle crust on the summits of the 
hairs. Whatever the attraction may be, it is certain 
tliat small bees frequently enter the labellum. 

Formerly I supposed that insects alighted on the 
labellum and inserted theii' proboscides through either 
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uf tiiti orifices close to the anthers; for I found that j 
when a bristle was thils inserted the glutinous pollen | 
adhered to it, and could afterwards be left on the I 
atigma ; but this latter part of the operation was not 
(vel! effected. After the publication of my book j 
Professor Asa Gray wrote to me " that he was convinced 
from an examinatiou of several i\jnerican species that j 
tbe flowers were fertilised by small insects entering the | 
labellum through the large opening on the upper sur- 
face, and crawling out by one of the two small orifices j 
close to the anthers and stigma. Accordingly I first | 
introduced some flies into the labellum of G. puhescens, | 
through the large upper opening, but they were either j 
too large or too stupid, and did not crawl out properly. 
I then caught and placed within the labellum a very ( 
small bee which seemed of about the right size, namely, ' 
Andrena parvula, and this by a strange chance proved, 
as we shall presently see, to belong to the genua on 
which in a state of nature the fertilisation of C. cdlceo- J 
lus depends. The bee vainly endeavoured to crawl out J 
again the same way by which it had entered, but always ( 
fell backwards, owing to the margins being inflected. I 
The labellum thus acts Ute one of those conical traps ] 
with tbe edges turned iuwards, which are sold to catch f 
beetles and cockroaches in tbe London kitchens. It 
could not creep out through the slit between the folded ( 
edgesof the basal part of the labellum, as the elongated, 
triangular, rudimentary stamen here closes the passage, 
TJltimat«ly it forced it-s way out through one of the i 
small orifices close to one of the anthers, and was , 
found when caught to be smeared with the glutinous i 
pollen. I then put the same bee back into the label- 
lum ; and again it crawled out through one of the small 



n Jniirnal of Science,' vol. k 



1M62, p. 427. 



I 



(JjLAP. Vltl. OYPIUI'EDIUM. lial 

orifices, always covered with poUon, I repeated the 
operation five times, always with the same result. I 
afterwards cut away the labellum, so as to examine the 
Btigma, and found its wholo surface covered with pollen. 
It should be noticed that an insect in making its escape 
must first brush past the stigma and afterwards one of 
the anthers, so that it cannot leave pulleu on the 
stigma, until being already smeared with pollen from 
one flower it enters another ; and thus there will be a 
good chance of croas-fertilisation between two distinct 
plants. Delpino* with much sagacity foresaw that 
some insect would be discovered to act in this manner ; 
for he argued that if an insect were to insert its pro- 
boscis, as 1 had supposed, from the outside through 
one of the small orifices close to one of the anthers, the 
stigma would be liable to be fertilised by the plant's 
own pollen : and in this he did not believe, from 
having confidence in what I have often insisted on — 
namely, that all the contrivances for fertilisation are 
arranged so that the stigma shall receive pollen from 
a distinct flower or plant. But these speculations are 
now all superfluous ; for, owing to liie admirable ob- 
servations of Dr. H, MiUler, t we know that Cyjiri- 
pedium calceolus in a state of nature is fertilised in the 
manner just described by bees belonging to five species 
of Aodreua. 

Thus the use of all the parts of the flower, — namely, 
the inflected edges, or the polished inner sides of the 
labellum, — the two orifices and their position close to 
tlie anthers and stigma, — the large size of the medial 
rudimentary stamen, — are renderotl intelligible. An 
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insect which enters the labellum is thus compelled to 
crawl out by one of the two narrow pasaagcB, on the 
sides of which the pollen-maases and stigma are placed. 
We have seen that exactly the same end is gained in 
the case of Coryanthoa by the labellum being half- 
fllled with secreted fluid ; and in the case of Pterostylis 
and some other Australian Orchids by the labellinn 
being irritable, so that when touched by an entering 
insect it shuts up the ilower, with the exception of a 
single narrow passage* 
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Momological Nature of the sevifral Parts of the Flowers of 
ths Orchidem. 

The theoretical structure of few flowers baa been so 
largely discussed as that of the Orchidece ; nor Ib this 
surprising, seeing how unlike they are to common 
flowers ; and here will be a convenient place for con- 
sidering this subject. No group of organic beings can 
be well understood until their homologies are made 
out ; that is, until the general pattern, or, as it has 
often been called, the ideal type, of the several mem- 
bers of the group is intelligible. No one member 
may now exist exhibiting the full pattern; but this 
does not make the subject less important to the natu- 
ralist,— probably makes it more important for the 
full understanding of the group. 

The homologies of any being, or group of beings. 
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can be most surely made out by tracing their embryo- 
logical development when that is possible ; or by the 
iiscovery of organs in a rudimentary condition ; or by 
tracing, through a long series of beings, a close gradation 
from one part to another, until the two parts or organs, 
though employed for widely different functions and 
most unlike each other, cau be joined by a succession 
of short links. No instance is known of a close gradation 
between two organs, unless they are homologically one 
and the same organ. 

The importance of the science of Homology rests on 
its giving us the key-note of the possible amount of 
diiference in plan within any group; it allows us to 
class under proper heads the moat divei-aified organs ; 
it shows us gradations which would otherwise have 
been overlooked, and thus aids us in classifi cation ; it 
explains many monstrosities ; it leads to the detection 
of obscure and hidden parw, or mere vestiges of parts, 
and shows us the meaning of rudiments. Besides 
these uses, Homology cleai-s away the mist from such 
terms as the scheme of nature, ideal types, archetypal 
patterns or ideas, &c. ; for these terms come to express 
real facts. The naturalist, thus guided, sees that all 
homologous parts or organs, however much they may 
be diversified, are modifications of one and the same 
ancestral organ ; in tracing existing gradations he 
gains a clue in tracing, as far as that is possible, the 
probable course of modification through which beings 
have passed during a long line of generations. He 
may feel assured that, whether he follows embryo- 
logical development, or searches for the merest mdi- 
ment, or traces gradations between the most diilerent 
beings, he is pursuing the same object by different 
routes, and is tending towards the knowledgf of the 
fttttual progenitor of the group, as it oufi' grew and 
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lived. Thus the auliject i>t' Homology gains largely 
in interest. 

Althongh this subject, under whatever aspect it be 
viewed, will always Le moat interesting to the student 
of nature, it ia very doubtful whether the following 
rletaila on the homological nature of the flowers of 
Orchiila will possess any interest for the general reader. 
If, indeed, he cares to see how much light an acquaint- 
ance with homology, though far from perfect, throws 
on a subject, this will, perhiips, be nearly as good an 
instance as could be given. He will see how cuiiously 
a flower may be moulded out of many separate organs, 
— how perfect the cohesion of primordinlly distinct 
parts may become, — how organs may be used for pur- 
poses widely dilTereut from their proper uses, — ^how 
other organs may be entirely suppressed, or leave mere 
useless emblems of their former existence, Finally, 
he will gee how enormuus has been the amount of 
change which these flowers have undergone from their 
parental or typical form. 

Robert Brown first clearly discussed the homologies 
of Orchids,* and left, as might be expected, little to 
be done. Guided by the general structure of mono- 
cotyledonous plants and by various considerations, 
he propounded the doctrine that the flower properly 
consists of throe sepals, three petals, six anthers in 
two whorls or circles (of which only one anther belong- 
ing to the outer whorl is perfect in all the common 
forms), and of three pistils, with one of thein modified 
into the rostellum. These fifteen organs are arranged 
as usual, alternately, three within three, in five whorla. 
Of the existence of three of the anthers in two of 
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the whorls, R. Brown offers no sufficient evidence, but 
belieyea that they are combined with the kbellum, 
whenever that organ presents crests or ridges. lu 
these views Brown is followed by Lindley,' 

Brown traced the spiral vessels in the flower by 
making transverse sections, t and only oecaaionally, as 
far as it appears, by longitudinal sections. As spiral 
vcasela are developed at a very early period of growth, 
and this circumstance always gives much value to a 
part in making out homologies ; and as they are ap- 
parently of high functional importance, though their 
function is not well known, it appeared to me, guided 
also by the advice of Dr. Hooker, to be worth while to 
trace upwards all the spiral vessels from the six groups 
surrounding the ovarium. Of the six ovarian groups 
of vessels, I will call (though not correctly) that under 
the labellum the anterior group ; that under the 
upper sepal the posterior group ; and the two groups 
on the two sides of the ovarium the antero-lateral and 
postero-lateral groups. 

The result of my dissections \b given iu the following 
diagram (fig. 36). The fifteen little circles represent 
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BO many groups of spiral vessels, in every case traced 
tlown to one of the six large ovarian groups. They 
alternate in five whorls, as represented ; but I have not 
attempted to give the actual distances at which they 
stand apart. In order to guide the eye, the three 
central groups running to the three pistils are con- 
nected hy a triangle. 

Fig. 36. 
Upper or poBterior BepoL 




Lube Hum. 

Secttioh or thb Kloweb or ah Obohiii. 

The Vitit ciTcIei show the positioo of the gpiral vesu! 

S8. Stlgmu; S,, stigma mudified a, a,. Rudimentnry anthen of tha 

Intel the roatellain. iDDor whorl (fei'tilc in Cypri- 

A,, Fertile anther of the outer pedium), generallj ronuiDK 

whor] ; A, A„ anthers of the the clioandram ; a„ third 

same whorl combined with anther of the Bsma whorl, 

the lower petal, forming the when preBent. funaiDg the 

labellum. frout of the column. 

Five groups of vessels run into the three sepala 
together with the two upper petals ; three enter the 
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labellum ; and seven run up the great central column. 
These vesselB are arranged, as may be seen, in rays 
proceeding from the axis of the flower ; and all on the 
same ray invariably run into the same ovarian group ; 
thus the vessels supplying the upper sepal, the fertile 
anther (Ai), and the upper pistil or stigma (i. e. the 
rostellum S,), all unite and ibrm the posterior ovarian 
group. Again, the vessels supplying, for instance, the 
left lower sepals, the comer of the labellum and one 
of the two stigmas (S) on the same side, unite and form 
the antero-lftteral group; and so with all the other 
vessels. 

Hence, if the existence of groups of spiral vessels 
can be trusted, the flower of an Orchid certainly 
consists of fifteen organs, iu a much modified and 
confluent condition. We see three stigmas, with the 
two lower ones generally confluent, and with the upper 
one modified into the rostellum. We see six stamens, 
arranged in two whorls, with generally one alone (Ai) 
fertile. In Cypripedium, however, two stamens of 
the inner whorl (a^ and o,) are fei-tile, and in other 
Orchids these two are represented more plainly in 
various ways than the remaining stamens. The third 
stamen of the inner whorl (as), when its vessels can 
be traced, forms the front of the column : Brown 
thonght that it often formed a medial excrescence, 
or ridge, cohering tu the labellum ; nr, in the case of 
Glossodia,' a filamentous organ, freely projecting iu 
front of the labellum. The former conclusion dta's 
not agree with my dissections; about Glossodia 1 
know nothing. The two infertile stamens of the outer 
whorl (A,, A3) were believed by Brown to be only 
occasionally represented, and then hy lateral escre- 
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Mcences on the labellum ; but I find the eorrespondini 
vessels invariably present in the labellum of every 
Orchid examined, — even when the labellum is very 
narrow or quit« simple, as in AfalasiB, Henninii 
iir Habenaria. 

We thus see that an Orchid-flower consists of fi' 
simple parts, namely, three sepals and two petals': 
and of two compounded parts, namely, the colnmnand 
liibellum. The column is formed of three pistils, and 
generally of four stamens, all completely conflueait. 
The labellum is formed of one petal with two petaloid 
•itumens of the outer whorl, likewise completely con- 
fluent. I may remark, as making this fact more 
probable, that in the allied Marantaceee the stameiu^ 
even the fertile stamens, are often petaloid, aad. 
partially cohere. This view of the nature of the lab^- 
lum explains its large size, its frequently tripartite 
form, and especially the manner of its coherence to the 
L-ohimn, unlike that of the other petals." As rudi- 
mentary organs vary mueh, we can thus perhaps 
imderatand the variability, which as Dr. Hooker informs 
Hie is characteristic of the excrescences on the labellmn. 
In some Orchids which have a spur-like nectary, the 
two sides are apparently formed by the two modified 
stamens ; thus in Qymnadenia conopaea (but not in 
On-kis pyramidalis), the vessels, proceeding from the 
two antero-lateral ovarian groups, run down the sides 
of the nectary ; those from the single anterior group 
run down the exact middle of the nectary, then 
returning up the opposite side form the mid-rib of the 
liibcljum. The sides of the nectary being thus formed of 
two distinct organs, apparently explains the tendency, 
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as in Calanthe, Orchis morio, Ac, to the bifurcation of 
ita extremity. 

The number, position, and course of all the spiral 
vessels exhibited in the diagram (fig. 36) were observed 
in some Vandetc and Epidendreie.* In the Mala\ea3 



* It may be advianble to give a 
fe« details on the Sowars which 
Idlsiected : but Itonkedtniipeiiial 
pninta. such as tlie I'ourae or the 
vessela in Iho labelluni, in mftny 
cnafla nnt worth here giving. In 
the Vunden I traoed all tlie Tos- 
boIk in Cat<iKfH)n fridenlalnin nnd 
mixatan ; the RTPflt group nf 
vessela (loiag to the roBtellum 
uopitmteCiia likewise in MormodeH} 
from the pnstpriot ovnrian group, 
beneath the bifuroutioti snpplying 
the npper eepal nnd fertile anther; 

n little way tklnng the Inbellum 
befVire it bifurcates and Bend« a 
groaii (a,') up the front of the 
column; the vewelB pioceeiling 
fr-im fheposlero-lHteral group run 
lip the bdok of ttie oolumn, on 
each aide of thoHO nmniiig lo the 
fertilrt Bnther, iiad do not go to 
the edges of the olinimdriun. In 
-loropero luleola (he base of the 
mlnmn, where tlie labi'llum is 
attaiihed. is much pnxtnoed. nnd 
the vi'saola of Ihe wliule anterior 
nvarian group tiru Bimiliirly p>o- 
ditreil : thnse (a,l going Up the 
front of the column arc abruptly 
roflcotid bai^k ; the veaBel* nt the 

EJinl ot reflexion nre curiously 
irdL-ned, flattened, and tiruduci'd 
into odd orestfi aud points. In 
au Oiicidimn I tractd tlie lesstls 
S, to the ntciCi gland of the polli- 
nirim. Amnn)^ theEpidi'ulrenl 
* tntoi'd all the yma^i in a Gattleyu ; 
and a11 in Ecelma ear'mta except 
a,, which I did not soarcb for. In 
the Malmristtnto. d nil in TAyarii 
pmdtda edoept a„ which 1 do not 
boliuTe [s preetnt. In Mala-j-iit 
yahfl'-fa I trBred m nrly mII lljf 



vpaasla. In Cypr'pediuia barhal'im 
and puparalara ttnoed u!l except 
Hj, whiiih I am nearly mire does 
not eKiBt. In the Neotleie I trautd 
in Cephnlaathera (irandijhra all 
the vesBBla, ei™pting that to the 
aborted rostelimn and those to 
llie too nuriclea a, and Oj, which 
were oertuinly absent. In ^ri- 
paelU I traced all excepting a„ a,, 
and a,, whi''h are certainly abamt. 
In Spiranthet autumnalin the 
vessel 8, runs lo the bottom of 
the fork of the tiwlellum: there 
are no vessels to the membrsnea 
of the clinaiidrum in this Orphid 
nor in Oaedytra. In none of the 
Uphren do the vessels a,, a,, and 
a, oociu'. In On^U pj/ram'ilalU 
I trriced all the others, iucinding 
two to ttie two separate stiKinoa: 
in thidEpeeirs the L-ontroat between 
the vessels of the labollum and 
of thu other Be|ial8 and petals is 
striking, DB in the latter the ves- 
sels do not bnin<*h, vhilet the 
labcllum htiB three ve-sels the 
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111! the Testis: bnl, f am not 
whether the tcsbcIh siipplying ttn 
tidet or the Ujiprr sepal do not, iis 
in the allie^l Hnb-'nar'a, wander 
from thnir pr.'pir roiirae nnd enter 
the jiostero latornl ovsrian group : 
the veB-el S„ goiuE to the rostd- 
luni i-nters the little foWed prert 
of membrane, whii h pnui^ota be- 
tween the baI^e!l of the Rnther-celU. 
Lufltty, in Hobeaaria eUonat&a I 
traced all the vpsseli), exoeptiug 
IIS in the other Ophreje the three 
of the tnnor rtamiiwl whori, anrt I 
lij-keit onrefully foru,: the vesBel 
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ftU were observerf excepting 0.3, which is the mosi.! 
difficult one to trace, and apparently is ot'tenest absent. | 
In the Cypripedeffi, again, all were traced except Oj,* 
which, I feel pretty sure, was here really absent: in J 
this tribe the stamen (A,) is represented by a c 
spicuoua aliield-like rudiment, and a, and a^ are I 
developed into two fertile anthers. In the OphresB I 
and Neotteffi oil were traced, with the important \ 
exception of the vessels belonging to the three stamens i 
(Oj, Ka, and a-^ of the inner whorl. In C&phalanihera I 
grandifiora, I clearly aaw a^ proceeding from the ( 
anterior ovarian group, and running up the front of J 
the column. This anomalous Orchid has no rostellum, 
and the vessel marked S, in the diagram was entirely I 
absent, though seen in every other species. 

Although the two anthers (a, and a.j) of the inner J 
whorl are not fully and normally developed in any ( 
Orchid, excepting Cypripedium, their nidiments are I 
generally present and are often utilised; for they often i 
form the membranous aides of the cup-like clinandruni 
un the summit of the column, which includes and pro- 
tects the pollen-masses. These rudiments thus aid \ 
their fertile brother-anther. In the young flower-bud I 



itup)iljing thu fertile authur luna 
up the oonnertive membrane be- 
tween tlie two EiDtUeT-rellB, bat 
iluea QoC biforuile: the vee el to 
tliB rostellnin niiii up to tlie t"p 
of the shcmldet or ludge beiieuth. 
tlie uiihhi otivu membi-aae of tin: 
Hnther, but does not bifurcate aud 
eiil«nd to thu two wi'lc]) -Bepaniti;d 
viscid Aima. 

* From Irinisdi'B ('BuitruHH 
i!nr Biologie dur OrahideL-ii,' 1SS9, 
pp. TS Hud 42}dru.'npli(m of tbe 
development of the flowi:r-bud uf 
C7pHpedium,it would nppeiLr IJiiil 
ttiere u a tendeni'f to tlie fotiKn- 



tiou of u frsL' lllameul in front d 
the Inbelium, iia in the erne a. 
Qlusaodiii befiire lucntioned; aud 
tbie wil perhajis ai'count for lll^ 
absence of epiial ve^juels, pmoeed- 
iBg from the anterior ovariiiii 
gioup and coalescing with tho 
culnmu. In Uropodinni, a genuH 
ffbicb A. Biotiguiart ('Annal 
dca. So, Nat.,' 3rd series, Bnt. torn. ' 
xiii. p. 114) considers clo«e1;ailFail 
to. and even ]ierhupa a moiiatro- 
sity (if, Cypripedium, a thiid fer- 
tile anther iMoiijiieM thU Bome 
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of Maloids paludosa, the close resemblance betiveen the 
two membranes of the cliniindrum and the fertile 
anther, in shape, texture, and in the height to which 
the spiral vessels extended, was most striking : it was 
impossible to doubt that in these two membranes we 
had two rudimentary anthers. In Evelyna, one of the 
Epidendrese, the elinandrum was similarly formed, us 
were the horns of the elinandrum in Masdeyallia, which 
serve in addition to keep the labellum at the proper 
distance from the column. In Liparis pendula aud 
some other species, these two rudimentary anthers form 
not only the elinandrum, but likewise wings, which 
project on each side of the entrance into the stigmatic 
cavity, and serve as guides for the insertion of the 
pollen-masses. In Acropera and Stanhopea, as far an 
I could make out, the membranous borders of the 
column, down to its base, were also thus formed; but 
in other cases, as in Cattleya, the wing-like borders of 
the column seem to be simple developments of the twu 
pistils. In this latter genus, as well as ia Catasetuni, 
these same two rudimentary etameuB, judging from tho 
iwsition of the vessels, serve chiefly to strengthen 
the back of the column ; and the strengthening of tlin 
front of the column is the sole function of the third 
stamen of the inner whorl (03), in those cases in 
which it was observed. This third stamen runs up 
the middle of the column to the lower edge, or lip, 
of the stigmatic cavity. 

I have said that in the Ophrcic and NeotteB the 
spiral vessels of the inner whorl, marked a„ a,, aj in 
the diagram, are entirely absent, and I looked care- 
fully for them ; but in nearly all the members of these 
two tribes, two small papilla', or auricles as they have 
been often called, stand in exactly tbe [josition which 
the two first of these three antliers would have .iccupied, 
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hud tlicy been developed. Not only do they staud iu j 
thia position, but tlie column in some cases, em in 1 
Cephalanthera, has on each side a prominent ridge, I 
running from them to the bases or mid-ribs of the two j 
upper petals ; that is, in the proper position of the j 
filaments of these two stamens. It is, again, impassible I 
to doubt that thi! tivo membranes of the clinandrum I 
in Malasis are formed by these two anthers in a I 
rudimentary and modified condition. Now, from the I 
perfect clinandrum of Malaxis, through that of Spi- 
ranthes, G-oodyera, Epipadis lati/olia, and E. paluatria j 
(see fig. 16, p. 101, aud fig. 15, p. 94), to the minute I 
and slightly flattened auricles in the genus Orchis, a 
perfect gradation can be traced. Hence I conclude that I 
these auricles are doubly rudimentary ; that is they j 
are rndimenta of the membranous sides of the clinan- 
drum, these membranes themselves being rudiments of I 
the two anthers so often referred to. The absence of I 
spiral vessels running to the auricles is by no meana ] 
sufficient to overthrow the views bore advocated a 
the much disputed nature of these structures; that | 
such vessels may quite disappear, we have proof i 
Cephalanthera grandijlora, in which the rostellnm and | 
its vessels are completely alwrted. 

Finally, then, with respect to the six stamens which I 
ought to be represented in every Orchid: the throe J 
belonging to the outer whorl are always present, the I 
upper one being fertile (except in Cypripedium), and | 
the two lower ones invariably petaloid and forming ] 
part of the labellum. The three stamens of the inner j 
whorl are less plainly developed, especially the lower I 
one, flj, which, when it can be detected, serves only to I 
strengthen the column, anil, in some rare cases, accord- | 
ing to Brown, forms a separate projection or filament ; 
liie two upper anthers of this inner whorl are fertile I 
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ill Cypripedium, and in other cases are generally 
represented either by membranoua expansions, or by 
minute auricles without spiral vessels. These auricles, 
however, are sometimes quite absent, as in some species 
of Ophrya. 

On this view of the homologies of Orchid-flowers, 
we can understand the existence of the conspicuous 
central column, — the largo size, generally tripartite 
form, and peculiar manner of attachment of the la- 
bellum, — the origin of the clinandi-um,— the relative 
position of the single fertile anther in most of the 
genera, and of the two fertile anthers in Cypripedium, 
— the position of the rostellum, aa well aa of all the 
other organs,— and lastly, the frequent occurrence of a 
bilobed stigma, and the occasional occurrence of two 
distinct stigmas. I have encountered only one case oi 
difficulty, namely in Habenaria and the allied genus, 
Bonatea. These flowers have undergone such an 
extraordinary amount of distortion, owing to the wide 
separation of their anther-cella and of the two viscid 
discs of the rostellum, that any anomaly in them is 
the less surprising. The anomaly relates only to the 
vessels supplying the sides of the upper sepul and 
of the two upper petals ; for the vessels running into 
their midribs and into all the other more important 
organs pursue the same identical course as in the other 
Ophrete. The vessels which supply the sides of the 
upper sopal, instead of uniting with the midrib an<l 
entering the posterior ovarian group, diverge and enter 
the postero- lateral groujffl. Again, the vessels on the 
anterior side of the two upper petals, instead of uniting 
with those of the midrib and entering the postero- 
lateral ovarian groups, diverge, or wander from their 
proper course, and enter the antero-lateral groups. 

This amiuialy is so far of iniportance, as it throws 
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some doubt on the view that the IftboUum is always 1 
an organ compounded of one petal and two petaloid ] 
stamens ; for if any one were to aaaume that from some [ 
unknown cause the hiteral vossela of the lower petaU \ 
had diverged in an early progenitor of the Orchidean f 
order from their proper course into the antero-lateral | 
ovarian groups, and that this stnicture had been in- 
herited by all existing Orchids, even by those with the I 
smallest and simplest labullums, I could answer only 1 
as follows ; but tlie answer is, I think, satisfactory. J 
From the analogy of other monocotyledonous plants, J 
we might expect the hidden presence of fifteen organs I 
in the flowers of the Ornhideip, arranged ultemately [ 
in five whorls ; and in these flowers we find fifteen | 
groups of vessels exactly thus arranged. Hence theie I 
is a strong probability that the vessels, Aj and A,, I 
which enter the sides of the labelhim, not in one or I 
two cases, but in all the Orchids seen by me, and which 
occupy the precise position which they woidd have 
occupied liml they supplied two normal stamens, do 
i-eally represent modified and petaloid stamens, and 
are not lateral vessels of the labellum which have 
wandered from their proper course. In Habenuiia and 
Bonatea,* on the other hand, the vessels proceeding 
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from the sides of flie upper sepal and of tte two npper 
petals, which enter the wrong ovarian groups, caunot 
possibly represent any lost but once distinct organs. 

We have now finished with the general homologies 
of the flowers of Orchids. It is interesting to look at 
one of the magnificent exotic species, or, indeed, at 
one of our humblest forms, and observe how profoundly 
it has been modified, aa compared with all ordinary 
flowers,— with its great labellum, formed of one petal 
and two petaloid stamens, — with its singular pollen- 
massea, hereafter to be referred to, — with its column 
formed of seven cohering organs, of which three alone 
perform their proper function, namely, one anther and 
two generally confluent stigmas, — with the third stigma 
modified into the rostellum and incapable of being 
fertilisedj^and with three of the anthers no longer 
functionally active, but serving either to protect the 
pollen of the fertile anther, or to strengthen the column, 
or existing as mere rudiments, or entirely suppressed. 
What an amount of modification, cohesion, abortion, 
and change of function do we here see ! Yet hidden 
in that column, with its surroimding petals and sepals, 
we know that there are fifteen groups of vessels, 
arranged three within three, in alternate order, which 
probably have been preserved to the present time from 
being developed at a very early period of growth, 
before the shape or existence of any part of the flower 
is of importance for the well-being of the plant. 

Can we feel satisfied by saying that each Orchid was 
created, exactly as we now see it, on a certain " ideal 
type ; " that the omnipotent Creator, having fixed on 
one plan for the whole Order, did not depart from this 
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plan ; that he, therefore, made the same organ to per- 
form diverse fun ctionfl— often of trifling importance 
compared with their proper function— converted other 
organs into mere purposeless rudiments, and arraoged 
all as if they had to stand separate, and then made 
them cohere ? Is it not a more simple and intelligible 
view that all the Orchidete owe what they have in 
common, to descent from some monocotyledonons 
plant, which, like so many other plants of the same 
class, possessed fifteen organs, arranged alternately 
three within thi'ee in five whorls; and that the now 
wonderfully changed structure of the flower is due to 
a long course of slow modification, — each modification 
having been preserved which was useful to the plant, 
during the Incessant changes to which the orgnnio I 
and inorganic world has been exposed? 
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CHAPTER rx. 

GRADATION OP ORGANS, &C. — CONCLUDING BEHABKa. 

Gradutioii of orgnne, of the rmttuUllm, of tlie poUen-masBea — Fonuadon 
of tlie caudic^lo— Geni'Jiluijical alGiiities — SoTetion of neotor — 
UecliBniBin of the movL'iucnt of Uio pollinia — Ub<'s of the petals — 
Pmitiii'tion of serd — Im|»rtoiic6 of trifling details of Btmoture — 
Cftuaa of th" Rtent divBrsity of atnioturo in th« flowera of Orehida 
^Cause of the perfi-etioa of tliii cnntrivaneca — SuimmLr; on iusect- 
ageucy — Nature abhors perpetual self-fertilisation. 

This chapter will be devoted to the conHideration of 

several miscellaneous subjects which could not well 
have been introduced elsewhere. 

On the gradation of certain Organs. — The rostellum, 
the pollinia, the labellum, and, in a lesaer degree, 
the column, are the must remarkable points in the 
structure of Orchids. The formation of the column 
and labellum, by the confluence and partial abortion of 
several organs, has been discussed in the last chapter. 
With respect to the rostellum, no such organ exists 
in any other group of plants. If the homologies of 
Orchids had not been pretty well made out, those 
who believe in the separate creation of each organism 
might have advanced this as an excellent instance of 
n perfectly new organ having been specially created, 
and which could not have been developed by suc- 
cessive slow modifications of any pre-existing part. 
But, as Eobert Brown long ago remarked, it is not a 
new organ. It is impossible to look at the two groups 
of spiral veaaels {fig. 36) running from the bases of 



248 QBADATinN OP ORGAMS. Chap. 

the miilribs of the two lower sepals to the two lower 
stigmas, which are siimotiineB quite distinct, and then 
to look at the third group of veaaela running from the 
base of the mid-rib of the upper sepal to the rostellum, 
which oecupies the exact position of a third stigma, 
and donht its homological nature. There is every 
reason to believe that the whole of this upper stigma, 
and not merely a part, has been converted into the 
rostellum ; for there are plenty of cases of two stigmas, 
but not one of three stigmatic surfaces being present 
in those Orchids which have a rostellum. On the 
other hand, in Cypripedium and Apostaaia (the latter 
ranked by Brown in the Orchidean order), which are 
destitute of a rostellam, the stigmatic surface is trifid. 
As we know only those plants which are now living, 
it 18 impossible to follow all the gradations by which j 
the upper stigma has been converted into the rostellum ; 
but let us see what are the indications of such a change l 
having been effected. With respect to function the 
change has not been so great as it at first appears. 
The function of the rostellum is to secrete viscid matter, 
and it has lost the capacity of being penetrated by 
the pollen-tubes. The stigmas of Orchids, as well as 
of most other plants, secrete viscid matter, the use of 
which is to retain the pollen when brought to them by 
any means, and to excite the growth of the pollen- 
tubes. Now if we look to one of the simplest rostel- 
lums, — for instance, to that of Cattleya or Epidendrum, 
— we find a thick layer of viscid matter, not distinctly 
separated from the viscid surface of the two confluent 
stigmas : its use is simply to affix the pollen-mnases to 
a retreating insect, which are thus dragged out of the 
anther and transported to another flower, where they 
are retained by the almost equally viscid stigmatio 
surface. So that the office of the rostellum is still to 
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Bftcuie the pollen-masses, but indirectly by means of 
their attachment to an insect's body. 

The viscid matter of the rostellum and of the 
stigma appear to have nearly the same nature ; that 
of the rostellum generally has the peculiar property of 
quickly drying or setting hard ; that of the stigma, 
when removed from the plant, apparently dries more 
quickly than gum-water of about equal density or 
tenacity. This tendency to dry is the more remarkable, 
as Gartner * found that drops of the stigmatic secre- 
tion from Nicotiana did not flry in two months. The 
viscid matter of the rostellum in many Orchids when 
exposed to the air changes colour with remarkable 
quickness, and becomes brownish-purple ; and I have 
noticed a similar but slower change of colonr in the 
viscid secretion of the stigmas of some Orchids, as of 
Gephalanthera grandiflora. When the viscid disc of an 
Orchis, as Bauer and Brown have observed, is placed 
in water, minute particles are expelled with violence 
in a peculiar manner ; and I have observed exactJy 
the same fact in the layer of viscid matter covering 
the stigmatic utriculi in an unopened flower of Mor- 
modes ignea. 

J!n order to compare the minute structure of the 
rostellum and ftigma, I examined young flower-buda 
of Epideiidrum cochleatiim and Jlorilmndum, which, when 
mature, have a simple rostellum. The posterior parts 
of both organs were quite similar. The whole of 
the rostellum at this early age consisted of a mass 
of nearly orbicular cells, containing spheres of brown 
matter, which resolve themselves into the viscid fluid. 
The stigma was covered with a thinner layer of similar 
cells, and beneath them were the coherent spindle- 
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formed ntriciili. These are believed to be connected 
with the penetration of the pollen-tubes; and their 
absence in the roatelliim probably accounts for its 
not being penetrated. If the structure of the ro»- 
tellura and of the stigma is as here described, their 
only difference consista in the layer of cells which 
secrete the viscid matter being thicker in the ros- 
tellum than in the stigma, and in the utrictili having 
disappeared from the former. There is therefore no 
great difficulty in believing that the upper stigma, 
whilst still in some degree fertile or capable of pene- 
tration by the pollen-tubes, might have gradually 
acquireil the power of secreting a larger amount of 
viscid matter, losing at the same time its capacity for 
fertilisation ; and that insects smeared with ibis viscid 
matter removed and transported the pollen-masses in 
a moi'o and more effective manner to the stigmas of 
other flowers. In this case an incipient rostcllnm 
would have been formed. 

In the several tribes, the rostellum presents a 
marvellous amount of diversity of structure ; but most 
of the differences can be connected without very wide 
breaks. One of the most striking differences is, that 
either the whole anterior surface to some depth, or 
only the internal parts become visctd; and in this 
latter case the surface retains, as in Orchis, a mem- 
branous condition. But these two states graduate 
into each other so closely, that it is scarcely possible 
to draw any line of separation between them : thus, 
in Epipactis, the exterior surface undergoes a vast 
change from its early cellular condition, for it becomes 
couverted into a highly elastic and tender membrane, 
which is in itself slightly viscid, and allows the under- 
lying viscid matter readily to exude ; yet it acts as a 
membrane, and its under surface is lined with much 
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more viscid matter. In Hahenaria chlorantha the 
exterior surface is highly viscid, but still closely re- 
sembles, under the microscope, the exterior membmne 
of Epipactis. Lastly, in some species of Oncidium, 
&c., the exterior surface, which is viscid, differs, as far 
as appearance under the microscope goes, from the 
underlying viscid layer only in colour; but it must 
have some essential difference, for I find that, until 
this very thin exterior layer is distiirhed, the under- 
lying matter remains viscid ; but, after it has been 
disturbed, the underlying matter rapidly sets hard. 
The gradation in the state of the surface of the ros- 
tellum is not surprising, for in all cases the surface is 
cellular in the bud; so that an early condition has 
only to be retained more or less perfectly. 

The nature of the viscid matter differs remarkably 
in difi'erent Orchids: in Listera it sets hard almost 
instantly, more quickly than piaster of Paris ; in 
Malaxis and Angra;cum it remains fluid for several 
days ; but these two states pass into each other by 
many gradations. In an Oncidium I have observed 
the viscid matter to dry in a minute and a half; in 
some species of Orchis in two or three minutes ; in 
Epipactis in ten minutes; in Gymnadenia in two 
hours ; and in Habenaria in over twenty-four hours. 
After the viscid matter of Listera has set hard, neither 
water nor weak spirits of wine has any effect on it; 
whereas that of Habenaria bifolia, after having been 
dried for several months, when moistened became as 
adhesive aa ever it was. The viscid matter in some 
species of Orchis, when remoistened, presented an 
intermediate condition. 

One of the most important differences in the stats 
of the rostelhim is, whether or not the pollinia are 
permanently attached to it. I do not allude to those 
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cases in which the npper surface of the rostelliim is 
viscid, as in Malaxis and some Epidendruma, and 
simply adheres to the pollen-masses; for these cases 
present no difficulty. But I refer to the so-called con- 
genital attachment of the poliinia by their caudicles 
to the rostelium or viscid disc. It is not, however, 
strictly correct to speak of congenital attachment, for 
the poliinia are invariably free at an early period, and 
become attached either earlier or later in different 
Orchids. No actual gradation is at present known in 
the process of attachment; but it can be shown to 
depend on very simple conditions aud changes. In 
the EpidendresB the poliinia consist of a ball of waxy ■ 
pollen, with a long candicle (formed of elastic threadiid 
with adherent pollen-gratna), which never becomen 
spontaneously attached to the roatellum. In some of 
the VandetB, as in Gynihidium giganteum, on the other 
hand, the caudicles are congenitally (in the above 
sense) attached to the pollen-massea, but their struc- 
ture is the same as in the Epidendrese, with the sole 
difference, that the extremities of the elastic threads 
adhere to, iiisti'ad of merely lying on, the upper lip of ■ 
the rostelluTii. 

In a form allied to Cymbidium, namely, Onoidiat 
wiguioulafmn, I studied the development of the c 
diclea. At an early period the pollen-masses 
enclosed in membranous cases, which soon rupture 
one point. • At this early period, a layer of rat 
large cells, including remarkably opaque matter, c 
be detected within the cleft of each pollen-mass. 1 
matter can be traced as it gradually changes into < 
translucent substance which forma the threads of t 
caudicles. As the change progresses, the cells thei 
selves disappear. Finally the threads at one end a 
here to the waxy pollen-masses, and at the other eni 
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after protruding through a small opening in the mem- 
branous case in a semi -developed state, they adhere 
to the roatelhim, against which the anther is pressed. 
So that the adhesion of the caudicle to the back of the 
rostellum seems to depend solely on the eai-ly rupturing 
of the anther-case, and on a slight protrnsion of the 
candicles, before they have become fully developed and 
hardened. 

In all the OrchidesB a portion of the rostellum ia 
removed by insects when the poUinia are removed ; for 
the viscid matter, though conveniently spoken of as a 
secretion, is in fact part of the rostellum in a modified 
condition. But in those species which have their 
caudicles attached at an early period to the rostellum, 
a membranous or solid portion of its exterior surface in 
an unmodified condition ia likewise removed. In the 
Vaudeffi this portion is sometimes of considerable size 
(forming the disc and pedicel of the pollinium), and 
gives to their pollinia their remarkable character ; but 
the differences in the shape and size of the removed 
portions of the rostellum can be finely graduated to- 
gether, even within the single tribe of the VaudcEB ; 
and still more closely by commencing with the minute 
oval atom of membrane to which the caudicle of Orchis 
adheres, passing thence to that of Sahenaria hifolia, to 
that of H. ehloranilta with its drum-like pedicel, and 
thence through many forms to the great disc and 
pedicel of Catasetum. 

In all the cases in which a portion of the exterior 
surface of the rostellum is removed together with the 
caudicles of the poUen-raasses, definite and often com- 
plicated lines of separation are formed, bo as to allow 
of the easy separation of the removed portions. But 
the formation of these lines of separation does not 
differ much from the process by which certain portions 
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ut' the exterior surface of the rostelium assume a con- 
dition intermediate between that of uaaltered mem- 
brane and of viscid matter, which has been already I 
alluded to. The actual separation of portions of the ! 
rostelium depends in many cases on the excitement 
from a touch ; but how a touch thus acts is at present 
inexplicable. Such sensitiveness in the stigma to a 
touch (and the rostelium, as we know, is a modified 
stigma), and indeed in almost every other part, is by 
DO means a rare quality in plants. 

In Listera and Neottea, if the rostelium is touched, 
even by a human hair, two points rupture and the 
loeuli containing the viscid matter instantly expel it. 
Here we have a case towards which as yet no gradation 
is known. But Dr. Hooker has shown that the roa- 
tellum is at first cellular, and that the viscid matter 
IB developed within the cells, as in other Orchids. 

The last difference which I will mention in the 
state of the rostelium of various Orchids is the exist- 
ence in many Ophreie of two widely-separated viscid 
discs, sometimes included in two separate pouches. 
Here it appears at first sight aa if there were two 
rostella ; but there is never more than one medial 
group of spiral vessels. In the Vande£e we can see 
how a single viscid disc and a single pedicel might 
become divided into two ; for in some Stanhopeas the 
heart-shaped disc shows a trace of a tendency to divi- 
sion ; and in Angriecum we have two distinct discs 
and two pedicels, either standing close together or 
removed only a little way apart. 

It might be thought that a similar gradation from a 
single rostelium into what appears like two distinct ros- 
tella was shown still more plainly in the Ophrese ; for 
we have the following 8erie8,-^in Orchis pyramidalia a 
single disc enclosed in a single pouch — in Aceras two 
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discs touching and affecting each other's shapes, but 
not actually joined — in Orehis latifolia and maoulata 
two quite distinct discs but with the pouch still 
showing plain tracea of diviaion; and, lastly, in 
Opbrys we have two perfectly distinct pouches, in- 
cluding of course two perfectly distinct discs. But 
this series does not indicate the former steps by whicl" 
9, single rostellum became divided into two distinct 
organs ; on the contrary, it shows how the rostel 
luni, after having been anciently divided into two 
organs, has now in several cases been reunited 'into 
a single organ. 

This conclusion is founded on the nature of the little 
medial crest, sometimes called the rostellate process, 
between the bases of the two anther-cells (see fig. 1, 
B and D, p. 8), In both divisions of the Ophreai^ 
namely the species having naked discs and those 
having discs enclosed in a pouch — whenever the two 
discs come into close juxta-position, this medial crest 
or process appears." On the other hand, when the two 
discs stand widely apart, the summit of the rostellum 
between them is smooth, or nearly smooth. In the 
Frog Orchis {Peristyltis viridis) the overarching sum- 
mit is beat like the roof of a house ; and here we see 
the first stage in the formation of the folded crest. In 
Herminium monorchia, however, which has two separate 
and large discs, a crest, or solid ridge, is i-ather more 
plainly developed than might have been expected. 
In Gtfmnadenia conopaea. Orchis maoulata, and others, 
\ the crest consists of a hood of thin membrane ; in 
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0. maseuJa the two sides of the hood partly adhere ; 
and in 0. pyramidalis and in Aceras it is converted 
into a solid lidge. These facta are intelligible only 
on the view, that, whilst the two discs were gradually 
brought together, during a long aerieB of generations, 
the intermediate portion or summit of the roetellum 
became more and more arched, until a folded crest, 
and finally a solid ridge was formed. 




RoffTELLCM or CaTABBTDII. 



Whether we compare together the state of the ros- 
telhim in the various tribes of the Orchideie, or com- 
pare the roatellum with the pistil and stigma of an 
ordinary flower, the differences are wonderfully great. 
A simple pistil consists of a cylinder sarmounted by 
a small viscid surface. Now, see what a contrast the 
rostellum of Catoaetum, when dissected from all the 
other elements of the column, presents; and as I 
traced all the vessels in this Orchid, the drawing may 
be trusted as approximately accurate. The whole organ 
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has lost its normal fimction of being fertilised. Its 
shape is most singular, with the upper end thickened, 
bent over and produced into two long tapering and 
senaitive antennte, each of these being hollow within, 
lite an adder's fang. Behind and between the bases 
of these antennse we see the large viscid disc, attached 
to the pedicel ; the latter differs in atnictnre from the 
underlying portion of the rostellum, and is separated 
fromitby a layer of hyaline tissue, which spontaneously 
dissolves when the flower is mature. The disc, attached 
to the surrounding parts by a membrane which ruptures 
as soon as it is excited by a touch, consists of strong 
upper tissue, with an underlying elastic cushion, 
coated with viscid matter; and this again in most 
Orchids is overlaid by a film of a difTerebt nature. 
What an amount of specialisation of paits do we 
here behold ! Yet in the comparatively few Orchids 
described in this volume, so many and such plainly- 
marked gradations in the atmcture of the rostellum 
have been described, and such plain facilities for the 
conversion of the upper pistil into this organ, that, we 
may well believe, if we could see every Orchid which 
has ever existed throughout the world, we should find 
all the gaps in the existing chain, and every gap in 
in many lost chains, filled up by a series of easy 
transitions. 



We now come to the second great peciiEarity in the 
Orchidete, namely their poUinia, The anther opens 
early, and often deposits the naked masses of pollen on 
the back of the rostellum. This action is prefigured 
in Canna, a member of a family nearly related to the 
Orchidero, in which the pollen is deposited on the pistil, 
close beneath the stigma. In the state of the pollen 
there is great diversity : in Cypripedium and Vanilla 
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aingle grains are embedded in a glutinous fluid ; in 
all the other Orchids seen by me (except the degraded 
Cepbalanthera) the grains are united three or four 
together.' These t-ompound grains are tied one to 
the other by elastic threads, bnt they often form 
packets which are tied together in like manner, or 
they are cemented into the so-called wasy maaaes. 
The wasy masses graduate ia the Epidendrese and 
Vandeas from eight to four, to two, and, by the co- 
hesion of the two, into a single mass. In some o£ the 
Epidendreie we have both kinds of pollen within the 
same anther, namely, large waxy masses, and caudicles 
formed of elastic tJireada with numerous compound 
grains adhering to them, 

I can throw no light on the nature of the cohesion 
of the pollen in the waxy masses ; when they are 
placed in water for three or four days, the compound 
grains readily fall apart ; but the four grains of which 
each is formed still firmly cohere ; so that the nature 
of the cohesion in the two cases must be different. 
The elastic threads by whicii the packets of pollen are 



* In Bevsial caeee I bava ob- 
served four tabca emitted rrom 
the (out gT>iD9 whlrb form oiie of 
the compound groins. In aonin 
Eemt-monstroiia flowera of Malaxii 
palndoia, ond of Acerm anthropo- 
pAoro, end in perfect flowers of 
tt'eollia nidia-avii, I huve observed 
tubes emitted from tho pollen- 
graina, whiLt still wilhin the 
anther and not iii tontaot with 
the btigma. I have thought this 
Koith mentioning as B. Brown 
(' 1 -inn. TnnBo<T.' vol. ivi. p. 72it) 
states, ttppdrpntly witli t-onie sur- 
priae, thiit the pollen-tubes w^re 
emitted from the pollen, whilst 
Btill wltbinthe (inther.in a (lecaj- 
ing flower of Aaclepias. These 
cnses show thut the protruding 



tubes are, at least at first, formed 
elclllsiveiir at the pupenee of the 
contents of the pollen -groins. 

Hav ingalludedtothe mon stroud 
flowers of the Aceras, I will odd 
that I cmminDd Beveral (always 
the lowest on tlie spikej in whicli 
thelabclliLmwDshnrdly developed, 
and was presseil olnse agiiinat the 
Atigiiiii. The rostellum vtaa not 
ileveloped, go thut the jjolUniii. did 
Dot possess visoid discs ; bnt the 
most curious feature was. that the 
twoautlier-cellHhadbeoomeiKppft. 
icutly ill ooQBequento of the nosi. 
tiou of the radimentdry labellum, 
widely separatail, and were joined 
by a eoonective membrane, iilmnst 
Hs bioail na that of i/obftiortu 
chtoranOtaJ 
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tied together in the OphrsEe, and which run far up 
ineide the waxy masses of the VaudeJE, are also of a 
different nature from the oementing matter ; for the 
threads are acted on by chloroform and by long im- 
mersion in spirits of wine ; whilst these fluids hare no 
particular action on the cohesion of the waxy masses. 
In seTeral Epidendrese and VandeiB the exterior grains 
of the pollen-masses differ from the interior grains, in 
being larger, and in having yellower and much thicker 
walls. So that in the contents of a single anther-cell 
we see a surprising degree of differentiation in the 
pollen, namely, grains cohering by fours, then being 
either tied together by threads or cemented together 
into solid masses, with the exterior grains different 
from the interior ones. 

In the Vandete, the caudicle, which is composed of 
fine coherent threads, is developed from the semi-fluid 
contents of a layer of cells. As I find that chloroform 
has a peculiar and energetic action on the caudicles 
of all Orchids, and likewise on the glutinous matter 
which envelopes the pollen-grains in Cypripedium, 
and which can be drawn out into threads, we may 
Huapect that in this latter genus, — the least difi'erenti- 
ated in structure of all the Orchidefe,— we see the 
primordial condition of the elastic threads by which 
the pollen-grains are tied together in other and more 
highly developed species." 



* AnguBte de Saint Dilniro 
('LeQODS de Bntaniqui',' he 1841, 
p. 4 17) Bajs that the eloBtiR tbrendB 
exlet in llie eittJy bud, iifter the 
pollen-graina hava beon piirily 
rarmEc), as a, thick creamy Quid. 
Ha adda tlint hia otieeiTatinnB cm 
Ophryi api/era have shown bim 
taat thia fluid Is Becreted by the 
Kxtelluni, and is slowly finotd 



drop by drop into the nnlher. 
Bad nnt bo eminent an authnclty 
made thia statement, I should not 
have noticed it. It is mrbilnly 
erroneuUB. In buds of Epipaatit 
laliMia I upenod the Bnthei, 
wliilat perfectly oloai d and free 
fmm the loatolluni, and found the 
poUeii-gminB united by eluntio 
tbrcadi. OtBlMiaittiitrta grandi- 
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The eaudicle, when largely developed and destitute 
of pollen-grains, ia the moat striking of the many pecu- 
liarities presented by the poUinia. In some NeottCK, 
especially in Goodyera, we see it in a nascent con- 
dition, projecting just beyond the pollen-niaas, with 
the threads only partially coherent. In the Vandese 
by tracing the gradation from the ordinary naked 
condition of the eaudicle, through Lycaste in which 
it ia almost naked, through Calanthe, to OymAwJtwni 
giganteum, in which it ia covered with pollen-grains, it 
aeems probable that its ordinary condition has been 
arrived at by the modification of a pollinium like 
that of one of the Epidendrece ; namely, by the abor- 
tion of the pollen-graina which priniordialty adhered to 
separate elastic threads, and afterwards by the cohesion 
of these threads. 

In the OphteiB we have better evidence than is 
afforded by gradation, that their long, rigid anil 
naked caudicles have been developed, at least partially, 
by the abortion of the greater number of the lower 
pollen-grains and by the cohesion of the elastic threads 
by which these graina were tied together. I had often 
observed a cloudy appearance in the middle of the 
tranalacent caudiclea in certain species; and on care- 
fully opening several caudicles of Orchis pyramidalia, 
I found in their centres, fully half-way down between 
the packets of pollen and the viscid disc, many pollen- 
grains (consisting, as naual, of four united grains). 



i 



Sora hns na roBUllum to secrelo 
tbe alare thick fluid, yet the 
polIen-gTainB are tliua united. In 
a moaf'tronii apeoim!!ii of Orohis 
pyramidalit the aurioles. or nidi- 
mtntar; nutbire on eiu!h Bide of 
the proper anther, had become 
pertly developed, nnd they stood 
quite on one side of tbe roitolluin 



and Btigma ; ;et I found in odb 
of thi'senurlolein distinct oftudiole 
[which neoeaaarily bad no diao at 
its extninity), and tliiB oaudicGie 
could cot pdasibly have been 
sKireted by the roBtoIlum oi 
etigriia. I could BdvBQoe oddi 
tionul avidonio. but it would b« 
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lying quite loose. These grains, &om their embedded 
position, could never by any possibility have been left 
on the Btigma of a flower, and were absolutely useless. 
Those who can persuade themselves that purposeless 
organs have been specially created, will think little of 
this fact. Those on the contrary, who believe in the 
slow modification of organic beings, will feel no 
surprise that the changes have not always been per- 
fectly effected, — that, during and after the many 
inherited stages of the abortion of the lower pollen- 
grains and of the cohesion of the elastic threads, 
there should still exist a tendency to the production 
of a few grains where they were originally developed ; 
and that these should consequently be left entangled 
within the now united threads of the caudicle. They 
will look at the little clouds formed by the loose 
pollen-graina within the eaudicles of Orekispi/ramidcUis, 
as good evidence that an early progenitor of this plant 
had poUen-massea like those of Epipactia or Goodyera, 
and that the grains slowly disappeared from the lower 
parts, leaving the elastic threads naked and ready to 
cohere into a true caudicle. 

As the caudicle plays an important part in the 
fertilisation of the flower, it might have been deve- 
loped from one in a nascent condition, such as we see 
in Epipactia, to any required length merely by the 
continued preservation of varying increments in its 
length, each beneficial in relation to other changes in 
the structure of the flower, and without any abortion 
of the lower pollen-graina. But we may conclude 
from the facts just given, that this has not been the 
Bole means, — that the caudicle owes much of its length 
to such abortion. That in some cases it has subse- 
quently been largely increased in length by natural 
selection, is highly probuble; for in Bonatea speciom 
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the caudicle is actually more than thrice aa long as the 
elongated pollen-masses ; and it is highly improbable 
that so lengthy a maas of grains, slightly cohering 
together by the aid of elastic threads, should ever have 
existed, as an insect conld not have safely transported 
and applied a mass of this ahape and size to the 
stigma of another flower. 

We have hitherto considered gradations in the state 
of the same organ. To any one with more knowledge 
than I possess, it would be an interesting snbject to 
trace the gradations between the several species and 
groups of species in this great and closely-connected 
order. But to make a perfect gradation, all the extinct 
forms which have ever existed, along many lines of 
descent converging to the common progenitor of the 
group, would have to be called back into life. It is 
due to their absence, and to the consequent wide gaps 
in the series, that we are enabled to divide the exist- 
ing species into definable groups, such as genera, 
families, and tribes. K there had been no extinction, 
there would still have been great linos or branches of 
special development, — the Vandeas, for instance, would 
still have been distinguishable as a great body, from 
the great body of the Ophreie ; but ancient and inter- 
mediate forms, very different probably from their 
present descendants, would have rendered it utterly 
impossible to separate by distinct characters the one 
great body from the other. 

I will venture on only a few more remarks. Cypri- 
pedium, in having three stigmas developed, and there- 
fore in not possessing a rostellum, in having two fertile 
anthers with a large rudiment of a third, and in the 
state of its pollen, seems a remnant of the order whilst 
in a simpler or more generalised condition. Apoatasia 
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is a related genus, placed by Brown amongst tJie 
Orchidese, but by Lindley in a amall distinct family. 
These broken groups do not indicate to us the structure 
of the common parent-form of all the Orchidete, but 
they serve to show the probable state of the order in 
ancient times, when none of the forms had become so 
widely differentiated from one another and from other 
plants, aa are the existing Orchids, especially the 
Vandese and Ophrcfe ; and when, consequently, the 
order made a nearer approach in all its characters, 
than it does at present, to such allied groups as the 
Marantacese. 

With respect to other Orchids, we can see that an 
ancient form, like one of the sub-tribe of the Pleuro- 
thallidfe, some of -which have viaxj pollen-masses with 
a minute caudicle, might have given rise, by the entire 
abortion of the caudicle, to the Dendrobite, and by an 
increase of the caudicle to the Epidendre^. Cymbi- 
dium shows us how simply a form like one of our 
present Epidendrese could be modified into one of the 
Vandete. The Neottese stand in nearly a similar relation 
to the higher Ophrea3, which the Epidendrere do to the 
higher Vandeie. In certain genera of the Neotteie we 
have eompound pollen-grains cemented into packets 
and tied together by elastic threads, which project and 
thus form a nascent caudicle. But this caudicle does 
not protude from the lower end of the poUinium as in 
the OphreiB, nor does it always protrude from the ex- 
treme upper end in the Neottese, but sometimes at an 
intermediate level ; so that a transition in this respect 
is far from impossible. In Spiranthes, the back of the 
Tostellam, lined with viscid matter, is alone removed : 
the front part is membranous, and ruptures like the 
pouch-formed rostellum of the Ophrese. An ancient 
form combining most of the characters, but in a less 
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developed state, of Goodyera, Epipactis, and Spiranthes, 
all members of tlie Neottero, could by further slight; 
modificatiouB have given birth to the tiibe of the 
Ophrete, 

Hardly any question in Katuial History is more 
vague and diJlicult to answer than what forms ought 
to be considered as the highest in a large group ; * for 
all are well adapted to their conditiouB of life. If we 
look to successive modifications, with differentiation of 
parts and consequent complexity of structure, as the 
standard of comparison, the Ophrete and Vandese will 
stand the highest among the Orchideie. Are we to lay 
' much stress on the size and beauty of the flower, and 
on the size of the whole plant ? if bo, the Vandese are 
pre-eminent. They have, also, rather more complex 
pollinia, with the pollen-masses often reduced to two. 
The rostellum, on the other hand, has apparently been 
more modified from its [>rimordial stigmatic nature in 
the Ophrere, than in the Vandeie. In the Ophrete the 
I of the inner whorl are almost entirely sup- 
— the auricles — mere rudiments of rudiments — 
being alone retained ; and even these are sometimes 
lost. These stamens, therefore, have suffered extreme 
reduction; but can this be considered as a sign of 
highness? I should doubt whether any member of 
the Orchidean order has been more profoundly modified 
in its whole structure than Bonaiea speetosa, one of the 
Ophreic. So again, within this same tribe, nothing 
can be more perfect than the contrivances in Orchis 
pyramidalia for its fertilisation. Yet an ill-defined 
feeling tells me to rank the magnificent Vandeai as 
the highest. When we look within this tribe at the 



* Tilt' fullest and the nocrt able Ma ' Eiitwiokelnngi-GeeetM dta 
duoiuaioD uD this ditticuU subject Orgtmiuchca Welt,' 1KS8. 
'■ by PiDfeeaor H. G. Broan ia 
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elaborate roechanisni for the ejection and transportal 
of the pollinia of Cataaetum, with the sensitive roa- 
tellum so wonderfully modified, with the sexes borne 
on distinct plants, we may perhaps give the palm of 
victory to this genus. 

9E0HBTI0N OF HBOTAE. 

Many Orchids, both our native species and the 
exotic kinds cultivated in our hothouses, secrete a 
copious supply of nectar. I have found the hom-like 
nectaries of Aerides filled with fluid ; and Mr. Kodgers, 
of Sevenoaks, inlbrms me that he has taken crystals 
of sugar of considerable size from the nectary of A, 
oomtUum. The nectar-secreting organs of the Orchidete 
present great diversities of structure and position in 
the various genera ; but are almost always situated 
towards the base of the labellum. In Disa, however, 
the posterior sepal alone, and in Disperis the two 
lateral sepals together with the labellum, secrete 
nectar. In Dendrobium chrysaiUhum the nectary 
consists of a shallow saucer ; in Evelyna, of two large 
onited cellular balls ; and in Bolbophyllum oupreum, of 
a medial furrow. In Cattleya the nectary penetrates 
the ovarium. In Anffriecum eeequipedaie it attains the 
aetoniahing length of above eleven inches ; but I need 
not enter on further details. The fact, however, 
ahould be recalled, that in Coryanthes the nectar- 
secreting glands pour forth an abundance of almust 
pure water, which drips into a bucket formed by the 
distal part of the labellum; and this secretion serves 
to prevent the bees which come to gnaw the surface of 
the labellum from flying away, and thus compels them 
to crawl out through the proper passage. 

Although the secretion of nectar is of the highest 
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importance to Orehida by attructing insects, which 
indispensable for the fertilisation of most of the H] 
yet good reasons can be assigned for the belief 
nectar was aboriginally an excretion for the sake of 
getting rid of superfluous matter daring the chemicsl 
changes which go on in the tissues of plants, especially 
whilst the aim shines. The bractete of some Orchii" 
have been observed t to secrete nectar, and this canni 
be of any use to them for their fertilisation. Fril 
MiiUer informs me that he has seen such secretion-' 
from the bracteie of an Oncidium in its native Bra- 
zilian home, as well as from the bracteie and from the 
outside of the upper sepal of a Notylia. Mr, Hodgers 
has observed a similar and copious secretion from the 
base of the flower-peduncles of Vanilla. The colama 
of Acropera and G-ongora likewise secretes nectar, 
previously stated, but only after the flowers have ' 
impregnated, and when such secretion could be of 
use by attracting insects. It is in perfect accordant 
with the scheme of nature, as worked out by natural 
selection, that matter excreted to free the syetem from 
Btiperfliious or injurious substances should be utilised 
for highly useful purposes. To give an example in 
strong contrast with our present subject, the larvee of 
certain beetles (Cassidie, &c.) use their own excrement 
to mate an umbrella-like protection for their teadi 
bodies. 

It may be remembered that evidence was given 
the first chapter proving that nectar is never found 
within the spur-like nectaries of several species of 
Orchis, but that various kinds of insects penetrate. 
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the tender inner coat with their proboscidea, and suck 
the fluid contained in the inter-cellnlar spaces. Thia 
conclusion has been confirmed by Hermann Miiller, 
and I have further shown that even Lepidoptera are 
able to penetrate other and tougher tissues. It is an 
interesting case of co-adaptation that in all the Britiah 
speciea, in which the nectary does not contain free 
nectar, the viscid matter of the disc of the pcillinium 
requires a minute or two in order to set hard ; and 
it would be an advantivge to the plant if insects were 
delayed thus long in obtaining the nectar by having 
to puncture the nectary at several points. On the 
other hand, in all the Ophrete which have nectar ready 
stored within the nectary, the discs are sufficiently 
viscid for the attachment of the pollinia to insects, 
without the matter qnickly setting bard ; and there 
would therefore be no advantage to these plants in 
insects being delayed for a few minutes whilst sucking 
the flowers. 

In the case of cultivated exotic Orchids which have 
a nectary, without any free nectar, it is of course 
impossible to feel absolutely sure that it would not 
contain any under more natural conditions. Nor have 
I made many comparative observations on the rate of 
the setting hard of the viscid matter of the disc in 
exotic forma. Nevertheless it seems that some Vandea.' 
are in the same predicament as our British apecios of 
Orchis ; thus Calanthe masuca has a very long nectary, 
which in all the specimens examined by me was quite 
dry internally, and was inhabited by powdery Cocci ; 
but in the intercellular spaces between the two coats 
there was much fluid ; and in this species the viscid 
matter of the disc, after its surface had been disturbed, 
entirely lost its adhesiveness in two minutes. In an 
Oncidium the disc, similarly disturbed, became dry in 
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uae minute and a half ; in an Odontoglossum in two 
minutes; and in neither of these Orchids was there 
any free nectar. On the other hand, in Anyrxettm 
xtquipedale, which has free nectar stored within the 
lower end of the nectary, the disc of the poUinium, 
when removed from the plant and with its surface 
disturbed, was strongly adhesive after forty-eight 
hours, 

Sareanthus teritifoUua offers a more curious case. 
The disc quite lust its viscidity and set hard in less 
than three minutes. Heuce it might have been ex- 
pected that no fluid would have been fouud in the 
nectary, but only in tbo intercellular spaces ; never- 
theless there was fluid in both places, so that here we 
have both conditions combined in the same flower. It 
is probable that insects would sometimes rapidly suck 
the free ncctor and neglect that between the two 
coats; but even in this case I strongly suspect that 
they would be delayed by a totally different nieana 
in sucking the free nectar, so as to allow the viscid 
matter to set hard. In this plant, the labellum with 
its nectary is an extraordinary organ. I wished to 
have had a drawing made of its structure ; but found 
that it was as hopeless as to give a drawing of the 
wards of a complicated lock. Even the skilful Bauer, 
with numerous figures and sections on a large scale, 
hardly makes the structure intelligible. So com- 
plicated is the passage, that I failed in repeated 
attempts to pass a bristle from the outside of the 
flower into the nectary; or in a reversed direction 
from the cut-off end of the nectary to the outside, No 
doubt an insect with a voluntarily flexible proboscis 
could pass it through the passages, and thus reach 
the nectar ; but in effecting this, some delay would 
be cauBed : and time would be thus allowed for the 
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curious square viscid disc to become securely cemented 
to an insect's head or body. 

As in Epipactis the cup at the base of the labelluni 
serves as a nectar-receptacle, I expected to find that 
the analogous cups in Staubopea, Acropera, &c., would 
serve for the same purpose; but I could never find 
a drop of nectar in them. According, also, to M. 
Meniere and Mr. Scott * this is never the case in these 
genera, or in Gongora, Cirrhsea, and many others. In 
Oatasetum tridentatum, s.nd in the female form Mona- 
chanthus, we see that the upturned cup cannot 
possibly serve as a nectar-receptacle. "What then 
attracts insects to these flowers ? That they must be 
attracted is certain ; more especially in the case of Cata- 
setum, in which the sexes stand on separate plants. In 
many genera of Vandeaa there is no trace of any nectar- 
secreting organ or receptacle ; but in all these cases 
(as far as I have seen), the labellum is either thick and 
fleshy, or is furnished with extraordinary excrescences, 
as in the genera Oncidium and Odontoglossum. In 
PhaJmnopsis grandiflora there is a curious anvil-shaped 
projection on the labellum, with two tendril-like pro- 
longations from its extremity which turn backwards 
and apparently serve to guard the sides of the anvil, so 
that insects would be forced to alight on its crown. 
Even in our British Cepkalanikera grandiflora, the 
labellum of which never contains nectar, there are 
orange-coloured ribs and papillee on the inner surface 
which faces the column. In Calanthe (fig. 26) a cluster 
of odd little spherical warts projects from the labellum, 
and there is an extremely long nectary, which does 
not include nectar ; in Etdophia viridia the short neo- 
I tary is e<^ual]y destitute of nectar, and the labeltum 
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18 covered with longitudinal, fimbriated ridges. In 
several species of Ophrys, there are two small shining 
protuberances, at the base of the labellum, beneath the 
two discs. Innumerable otber cases could be added of 
the presence of singular and diversified escreacencea 
on the labellum; and Lindley remarks that their use 
is quite unknown. 

From the position, relatively to the viscid discs, 
which these excrescences occupy, and from the absence 
of any free nectar, it formerly seemed to me highly 
prohable that they afforded food and thus attracted 
either Hymcnoptera or flower- feeding Coleoptera. 
There is no more inherent improbability in a flower 
being habitually fertilised by an insect coming to 
feed on the labellura, than in seeds being habitually 
disseminated by birds attracted by the sweet pulp in 
which they are embedded. But I am bound to state 
that Dr. Percy, who had the thick and furrowed 
labellum of a Warrea analysed for nie by fermentation 
over mercury, found that it gave no evidence of con- 
taining more saccharine matter than the other petals. 
On the other hand, the thick labellum of Catasetum 
and the bases of the upper petals of Mormodes igneot 
have a slightly sweet, rather pleasant, and nutritious 
taste. Nevertheless, it was a bold speculation that 
insects were attracted to the flowers of various Orehida 
in order to gnaw the excrescences or other pacts of 
their labella; and few things have given me more 
satisfaction than the full confirmation of this view by 
Dr. Cruger, who' has repeatedly witnessed in the West 
Indies humble-bees of the genus Euglossa gnawing the 
labellum of Catasetum, Coryanthes, Gongora, and 
Stanhopea. Fritz MuUer also has often found, in 

* ' Joura. LiQD. 6uo. Bot." 1864, vol. viii. p. 1E». 






I 



MOVEMENTS OF THE POLLIHIA. 



271 



I 



South Brazil, the prominencea on the labellum of 
Oncidium gnawed. We are thus enabled to under- 
stand the meaning of the various extraordinary crests 
and projections on the labellum of many Orchids ; for 
they invariably stand in such a position that insects, 
whilst gnawing them, would be almost sure to touch 
the viscid discs of the pollinia and thus remove them, 
afterwards effecting the fertilisation of another flower, 

MOVEMENTS OF THE POLLINIA, 

The pollinia of many Orchids undergo a movement 
of depression, after they have been removed from their 
places of attachment and have been exposed for a few 
seconds to the air. This is due to the contraction of a 
portion, sometimes to an exceedingly minute portion, 
of the exterior surface of the rostellum, which retains 
a membranous condition. This membrane, as we have 
seen, is likewise sensitive to a touch, so as to rupture 
in certain definite lines. In a Maxillaria the middle 
part of the pedicel, and in Habenaria the whole drum- 
like pedicel contracts. The point of contraction in all 
the other cases seen by me, is either close to the 
surface of attachment of the caudicle to the disc, or at 
the point where the pedicel is united to the disc ; but 
both the disc and pedicel are parts of the exterior 
surface of the rostellum. In these remarks I do not 
refer to the movements which are simply due to the 
elasticity of the pedicel, as in the Vandese. 

The long strap-formed disc of Gymnadenia conopsea 
is well adapted to show the mechanism of the move- 
ment of depression. The whole poilinium, both in its 
upright and depressed (but not closely depressed) 
position, has been shown (p. 65) in fig. 10. The disc, 
in its uncontracted condition with the caudicle removed. 
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ie seen from above highly magnified in the upper of 
the two adjoiniDg figures ; and in the lower fig;ure we 
have a longitudinal section of the uncontracted disc, 
together with the base of the attached and upright 
caiidicle. At the broad end of the diac there ia a, deep 
int-ghaped depression, bordered by a slight ridge 
formed of longitudinally elon- 
'''^■'"'- gated cells. The end of the 

eaudicle is attached to the 
steep sides of this dej 
and ridge. When the disc is 
exposed to the air for about 
thirty seconds, the ridge con- 
tracts and sinks flat down ; in 
Di.. <,cay^na^i^c^.p^ Sinking, it drags with it the 
eaudicle, which then lies parallel to the elongated 
tapering part of the disc. If placed in water the 
ridge rises, re-elevating the eaudicle, and when re- 
exposed to the air it sinks again, but each time with 
somewhat enfeebled power. During each sinking and 
rising of the eaudicle, the whole pollinium is of course 
depressed and elevated. 

That the power of movement lies exclusively in the 
surface of the disc is well shown in the ease of the 
saddle-shaped disc of Orchis pyrainidalia ; for whilst it 
was held under water I removed the attached caudicles 
and the layer of viscid matter from the inferior surface, 
and immediately that the disc was exposed to the air 
the proper contraction ensued. The disc is formed of 
several layers of minute cells, which are best seen in 
specimens that have been kept in spirits of wine, 
for their contents are thua rendered more opatiue. The 
cells in the flaps of the saddle are a little elongated. 
As long as the saddle is kept damp, ita upper surface 
is nearly flat, but when exposed to the air (see fig. 3, 
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E, ]}. 18) the two flaps or sides contract and curl inwards ; 
and this causes the divergence of the poUinia, By a 
kind of contraction two valleys are likewise formed in 
front of the eaudicles, so that the latter are thrown 
forwards and downwards, almost in the same way as if 
trenches were dug in front of two upright poles, and 
then carried on so as to undermine them. As far as I 
could perceive, an analogous contraction causes the 
depression of the poUinia in Orchis masaula. With 0. 
hiroina both pollinia are attached to a single rather large 
square disc, the whole front of which, after esposure 
to the air, sinks down and is then separated from the 
hinder part by an abrupt step. By this contraction both 
pollinia are carried forwards and downwards. 

Some pollinia which bad been gummed on card for 
several months, when placed in water, rose up and 
afterwards underwent the movement of depression. 
A fresh pollinium, on being alternately damped and 
exposed to the air, rises and sinks several times alter- 
nately. Before I had ascertained these facts, which 
show that the movement ia simply hygrometric, I 
thought that it was a vital action, and tried vapour 
of chloroform and of prussic acid, and immersion in 
laudanum; but these reagents did not check the 
movement. Nevertheless, there are some difdculties 
in understanding how the movement can be simply 
hygrometric The flaps of the saddle in Orchw ]ii/ra~ 
midalia (see fig. 3, U, p. 18) curl completely inwards 
in nine seconds, which is a surprisingly short time 
for mere evaporation to produce an eti'ect ;" and the 
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moTement ia apparently due to the drying of the under 
Burfaue, although this is covered with a thick layev 
of viscid matter. The edges, however, of the saddle 
might become slightly dry in the nine seconds. When 
the saddle-formed disc is placed in spirits of wine it 
contracts energetically; and this ia probably due to 
the attraction of alcohol for water. When replaced in 
water it opens again. Whether or not the contraction 
is wholly hygrometric, the movements are admirably 
regulated in each species, so that the pollen-masses, 
when transported by insects from flower to flower, 
assume a proper position for striking the stigmatic 
surface. 

These various movementa would be quite useless, 
unless the pollinia were attached in a uniform position 
to the insects which visit the flowers so as to be always 
directed in the same manner after the movement of 
depression ; and this neceasitatea that the insects should 
be forced to visit the flowers of the same species in 
a uniform manner. Hence I must sny a few words 
on the sepals and petals. Their primary function, no 
doubt, is to protect the organs of fructification in the 
bud. After the flower is fully expanded, the upper 
sepal and two upper petals often continue the same 
office, AVe cannot doubt that this protection is of 
service, when we see in Stelis the sepals so neatly re- 
closing and reprotecting the flower some time after its 
expansion; in Masdevallia the sepals are permanently 
soldered together, with two little windows alone left 
open ; and in the open and exposed flowers of Bol- 
hophyllum, the mouth of the stigmatic chamber 
after a time closes. Analogous facts with respect to ■ 
Malaxis, Cephalanthera, &c., could be given. But the I 
hood formed by the upper sepal and two upper petals, \ 
beaidea affording protection, evidently forms a guid^ ] 
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compelling insects to viait the flowers in front. Few 
persons now doubt the correctness of C, E. Sprengel's 
view, " that the bright and conspicuous colours of 
Howers serve to attract insects from a distance. Never- 
theless some Orchids have singularly inconspicuous 
and greenish flowers, perhaps in order to escape some 
danger ; but many uf these are strongly scented, which 
would equally well serve to attract insects. 

The labellum ia by far the most important of the 
external envelopes of the flower. It not only secretes 
nectar, but is often modelled into variously shaped 
receptacles for holding this fluid, or is itself rendered 
attractive so as f« be gnawed by insects. Unless the 
flowers were by some means rendered attractive, most 
of the species would be cursed with perpetual sterility. 
The labellum always stands in front of the rostellum, 
and its outer portion often serves as a landing-place 
for the necessary visitors. In Epipaetis pcUustris this 
part is flexible and elastic, and apparently compels 
insects in retreating to brush against the rostellum. 
In Cypripedimn the distal portion is folded over like 
the end of a slipper, and compels insects to crawl out 
of the flower by one of two special passages. In Ptero- 
stylis and a few other Orchids the labellum is irritable, 
80 that when touched it shuts the flower, leaving only 
a single passage by which an insect can escape. In 
Spiranthes, when the flower is fully mature, the column 
moves from the labellum, space being thus left for 
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the introdnction of the pollen-maasea attached to the 
proboscis of a humble-bee. In Moritiodes ignea the 
labelJuin ia perched on the sniDmit of the columD, 
and here insects alight and touch a sensitive point, 
causing the ejection of the pollen-masses. The la- 
bellum is often deeply fliannelied, or has guiding 
ridges, or is pressed closely against the column ; and 
in a multitude of cases it approaches closely enough i 
to render the flower tubular. By these several means I 
insects are forced to brush against the rostellum. We A 
must not, however, suppose that every detail of stmc- | 
tnre in the labellum is of use : in some instances, as 
with Sarcantlms, its extraordinary shape seems to be \ 
partly due \a its development in close apposition to 
the curiously shaped rostellum. 

In LiBiera ovala the lubellum stands far from the , 
column, but its base ia narrow, so that insects are led 
to stand exactly beneath the middle of the rostellnm. 
In other cases, as in Stanhopea, Phalienopsis, Gongora, 
&c., the labellum ia furnished with upturned baeol 
lobes, which manifestly act as lateral guides. In some 
cases, as in Malaxia, the two upper petals are curled 
backwards so as to be out of the way ; in other cases 
as in Acropera, Masdevallia, and some Bulbophyllmns, 
these upper petals plainly serve as lateral guides, com- 
pelling insects to visit the flowers directly in front of 
the rostellum. In other cases, wings formed by the 
margins of the clinandrum or of the column, serve as 
lateral guides, both in the withdrawal of the poUinia I 
and in their subsequent insertion into the stigniatic 
cavity. So that there can be no doubt that the petals, 
sepals and rudimentary anthers do good service in 
several ways, besides affording protection to the bud. 

The final end of the whole flower, with all its parts, 
is the production of seed ; and these are produced bj 
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Orchids in vast proftiaion. Not that such profusion 
is anything to boast of ; for the production of an almost 
infinite number of seeds or eggs, is undoubtedly a sign 
of lownesa of organisation. That a plant, not being 
an annual, should escape extinction, chiefly by the 
production of a vast number of seeds or seedlings, 
shows a poverty of contrivance, or a want of some 
fitting protection against other dangers. I was curious 
to estimate the number of seeds produced by some 
few Orchids ; SO I took a rip© capsule of Cephalanihera 
grandifiora, and arranged the seeds on a long ruled 
line aa equably as I could in a narrow hillock; and 
then counted the seeds in an accurately measured 
length of one-tenth of an inch. In this way the con- 
tents of the capsule were estimated at 6020 seeds, and 
very few of these were bad ; the four capsules borno 
by the same plant would have therefore contained 
24,080 seeds. Estimating in the same manner the 
smaller seeds of Orchis maculata, I found the number 
nearly the same, viz., 6200 ; and, as I have often seen 
above thirty capsules on the same plant, the total 
amount would be 186,300. As this Orchid is perennial, 
and cannot in most places be increasing in number, 
one seed alone of this targe number yields a mature 
plant once in every few years. 

To give an idea what the above figures really mean, 
I will briefly show the possible rate of increase of 0. 
maculata: an acre of land would hold 174,240 plants, 
each having a space of six inches square, and this 
would be just sufficient for their growth ; so that, 
making the fair allowance of 400 bad seeds in each 
capsule, an acre would be thickly clothed by the pro- 
geny of a single plant. At the some rate of increase, 
the grandchildren would cover a apace slightly exceed- 
ing the island of Anglcsea ; and the great grand- 
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cbiidren of a single plant would nearly (in the ratio of * 
47 to 50) clothe with one uniform green carpet the 
entire aurface of the land throughout the globe. But 
the number of seeds produced by one of our common 
British orchids is as nothing compared to that of some 
of the exotic kinds, Mr. Scott found that the capsule 
of an Acropera contained 371,250 seeds; and judging 
from the uumbei of flowers, a. single plant would Boae- 
timee yield about seventy-four millions of seeds. 
Fritz Miiller found 1,756,440 seeds in a single capsule 
of a Maxillaria ; and the same plant sometimes bore 
balf-a-dozen such capsules. I may add that by 
counting the packets of pollen (one of which was broken 
up under the microscope) I estimated that the number 
of pollen-grains, each of which emits its tube, in a 
single anther of Orchis magcula was 122,400. Ataici" 
estimated the number in 0. morio at 120,300. Aa 
these two species apparently do not produce more 
seed than the allied 0. maculata, a capsule of which 
contained 620U seeds, we see that there are about 
twenty pollen-grains for each ovule. According to 
this standard, the number of poll en -grains in the 
anther of a single flower of the Masillaria which 
yielded 1,756,440 seeds must be prodigious. 

What checks the unlimited multiplication of the 
Orcbidese throughout the world is not known. The 
minute seeds within their light coats ai'e well fitted 
for wide dissemination ; and I have several times 
observed seedlings springing up in my orchard and in 
a newly-planted wood, which must have come from a 
considerable distance. This was especially the case 
with Epipaetii latifolia ; and an instance has been re- 
corded by a good observer t of seedlings of this plant 
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appearing at the distance of between eiglit and ten 
miles from any place where it grew. Notwithstanding 
the astonishing number of seeds produced by Orchids, 
it is notorious that they are sparingly distributed ; for 
instance, Kent appears to be the most favourable county 
ia England for the order, and within a mile of my 
house nine genera, including thirteen species, grow ; 
but of these oue alone, Orchis morio, is sufficiently 
abundant to make a conspicuous feature in the vege- 
tation ; as is 0. maeulala in a lesser degree in open 
woodlands. Most of the other species, though not 
deserving to be called rare, are sparingly distributed ; 
yet, if their seeds or seedlings were not largely de- 
stroyed, any one of them would immediately cover the 
whole land. In the tropics the species are very much 
more numerous; thus Fritz Muller found in South 
Brazil more than thirteen kinds belonging to several 
genera growing on a single Cedrela tree, Mr. Fitz- 
gerald has collected within the radius of one mile of 
Sydney in Australia no less than sixty-two species, of 
which fifty-seven were terrestrial. Nevertheless the 
number of individuals of the same species is, I believe, 
in no country nearly so great as that of very many 
other plants. Lindley formerly estimated that there 
were in the world about 6000 species of Orchides. 
included in 433 genera.' 

The number of the individuals which come to 
maturity does not seem to be at all closely determined 
by the number of seeds which each species produces ; 
and this holds good when closely related forms are 
compared. Thus Ophrys apifera fertilises itself and 
every flower produces a cupsulf ; but the individuals 
of this species are not so numerous in some parts of 

• ' Gardent-r'a Cliron.' 1862, p. 198. 
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England as those of 0. musci/era, wliich cannot fer- 
tilise itself and is imperfectly fertilised by insecta, so 
that a large proportion of the flowers drop off unim- 
pregnated. Ophrys arani/eraia found in large numbers 
in Liguria, yet Delpino estimates that not more than 
one out of 3000 flowers produces a capsule." Mr. 
Cheeseman sayst that with the New Zealand Ptero- 
gtylh trvllifolia much less than a quarter of the flowers, 
which are beautifully adapted for cross-fertilisation, 
yield capsules ; whereas with the allied Adanthtta 
aindairii, the flowers of which equally require insect- 
aid for their fertilisation, seventy-one capsulea were 
produced by eighty-seven flowers ; so that this plant 
must produce an extraordinary number of seeds ; never- 
theless in many districts it is not at all more abundant 
than the Pterostylis, Mr, Fitzgerald, who in Aus- 
tralia has particularly attended to this subject, remarks 
that every flower of Tlidt/mitra camea fertilises itself 
and produces a capsule ; yet it is not nearly so common 
as Aoianthiis fornicaim, " the majority of the flowers 
of which are unproductive, Pkajus grandifolms and 
Galanihe veratrifolia grow in similar situations. Every 
flower of the Phajun produces seeds, only occasionally 
one of the Calanthe, yet Pbajus is rare and Calanthe 
common." 

The frequency with which throughout the world 
members of various Orchideous tribes fail to have their 
flowers fertilised, though these are excellently con- 
structed for cross-fertilisation, is a remarkable fact 
Fritz Miiller informs me that this holds good in the 
luxuriant forests of South Brazil with most of the 
Epidendrete, and with the genus Vanilla. For instance. 
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he visited a site where Vanilla creeps over almost every 
tree, and although the plants had heon covered with 
flowers, yet only two seed-capsules were produced. So 
again with an Epidendrum, 233 flowers had fallen ofif 
uniinpregTiated and only one capsule had been formed ; 
of the still remaining 136 flowers, only four had their 
pollinia removed. In New South Wales Mr. Fitzgerald 
does not believe that more than one flower out of a 
thousand of Dendrobium epeeioaum seta a capsule ; and 
some other species there are very sterile. In New 
Zealand over 2oO flowers of Ctiryanthes triloba yielded 
only five capsules; and at the Cape of Good Hope only 
the aame number were produced by 78 flowers of Diisa 
grandijlora. Nearly the same result has been observed 
with some of the species of Ophrys in Europe. The 
sterility in these cases ii very difficult to explain. It 
manifestly depends on the flowers being constructed 
with such elaborate care for cross-fertilisation, that they 
cannot yield seeds without the aid of insects. From 
the evidence which I have given elsewhere* we may 
conclude that it would be far more profitable to moat 
plants to yield a few cross -fertilised seeds, at the 
expense of many flowers dropping ofl^ unimpregnated, 
rather than produce many self- fertilised seeds. Profuse 
expenditure is nothing unusual under nature, as we see 
with the pollen of wind- fertilised plants, and in the 
multitude of seeds and seedlings produced by moat 
plants in comparison with the few that reach maturity. 
In other cases the paucity of the flowers that are im- 
pregnated may be due to the proper insects having 
become rare under the incessant changes to which the 
world is subject ; or to other plants which are more 
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highly attractive to the proper uisects having increased J 
in number. We know that certain Orchitis require ( 
certain insects for their fertilisation, as in the cases be- I 
fore given of Vanilla and Sarcochilus. In Madagascar I 
Angriecum sesquipedale must depend on some gigantic I 
moth. In Europe Gypriptdium calceolus appears to be I 
fertilised only by small bees of the genua Andrena, ( 
and Epipactis lati/olia only by wasps. In those cases j 
in which only a few flowers are impregnated owing to , 
the proper insects visiting only a few, this may be a 
great injury to the plant; and many hundred species 
throughout the world have been thus exterminated ; 
those which Biirvive having been favoured in some 
other way. On the other hand, the few seeds which 
are produced in these cases will be the product of 
cross-fertilisation, and this as we now positively know 
is an immense advantage to most plants. 

I have now nearly finished this volume, which is 
perhaps too lengthy. It has, I think, been shown that 
the Orchideffi exhibit an almost endless diversity of 
beautiful adaptations. When this or that part has been 
Bpoken of as adapted for some special purpose, it must 
not be supposed that it was originally always formed 
for this sole purpose. The regular course of events 
seems to be, that a part which originally served for one 
purpose, becomes adapted by slow changes for widely 
different purposes. To give an instance: in all the 
Ophreffi, the long and nearly rigid candicle manifestly 
serves for the application vf the pollen-grains to the 
stigma, when the pollinia are transported by insects 
to another flower ; and the anther opens widely in 
order that the pollinium should be easily withdrawn ; 
but in the Bee Ophrjs, the caudicle, by a slight in- 
crease in length and decrease in its thickness, and by 
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the anther opening a little more widely, becomes 
specially adapted for the very difierent purpose of 
self-fertilisation, through the combined aid of the 
weight of the pollen-masa and the vibration of the 
flower when moved by the wind. Every gradation 
between these two states is possible, — of which we have 
a partial instance in aranifera. 

Again, the elasticity of the pedicel of the poUininm 
in some Vandete is adapted to free the pollen-musses 
from their anther-cases ; but by a further slight modi- 
fication, the elasticity of the pedicel becomes specially 
adapted to shoot out the poHimum with considerable 
force so as to strike the body of the visiting insect. 
The great cavity in the labelluin of many Vandese 
is gnawed by insects and thus attracts them; but 
in Marmodes ignea it is greatly reduced in size, and 
serves in chief part to keep the labellum in its new 
position on the summit of the column. From the 
analogy of many plants we may inl'er that a long 
spur-like nectary is primarily adapted to secrete and 
hold a store of nectar ; but in many Orchids it has so 
far lost this function, that it contains fluid only in the 
intercellular spaces. In those Orchids in which the 
nectary contains both free nectar and fluid in the inter- 
cellular spaces, we can see how a transition from the 
one state to the other could be effected, namely, by 
less and less nectar being secreted from the inner 
membrane, with more and more retained within the 
intercellular spaces. Other analogous cases could be 
given. 

Although an organ may not have been originally 
formed for some specinl purpose, if it now serves for 
this end, we are justified in saying that it is specially 
adapted for it. On the same principle, if a man were 
to make a machine for some special purpose, but were 
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to use cld wheels, springs, and pulleys, only slightly 
altered, tho whole inadiiae, with all its parts, might be 
said to be specially contrived fur its present purpose. 
Thus throughout nature almost every part of each living 
being has probably served, in a slightly modified con- 
dition, for diverse purposes, and has acted in the living 
machinery of many ancieot and distinct specific furms. 

In my examination of Orchids, hardly any fact has 
struck me so much as the endless diversities of structure, 
— the prodigality of resuurces, — fur gaining the very 
same end, namely, the fertilisation of one flower by 
pollen from another plant. This fact is to a large ex- 
tent intelligible on the principle of natural selection. 
As all the parts of a flower are co-ordinated, if slight 
variations in any one part were preserved from being 
beneficial to the plant, then the other parts would 
generally have to be modified in some corresponding 
manner. But these latter parts might not vary at all, 
or they might not vary in a fitting manner, and these 
other variations, whatever their nature might be, which 
tended to bring all the parts into more harmonious 
action with one another, would be preserved by natural 
selection. 

To give a simple illustration : in many Orchids tho 
ovarium (but sometimes the foot-stalk) becomes for a 
period twisted, causing the labellum to assume the 
position of a lower petal, so that insects can easily 
visit the flower; but from slow changes in the form 
or position of the petals, or from new sorts of insects 
visiting the flowers, it might be advantageous to tho 
plant that the labellum should resume its normal 
position on the upper side of the flower, as is actually ' 
the case with Malaxia jmludosa, and some species of 
Catasetum, &c. This change, it is obvious, might be 
simply effected by the continued selection of varietiea 
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vphicli Iiad their ovaria le^ and less twititea, tut ii 
the plant only afforded varieties with ibe ovarimn 
more twisted, the same end could be attained by the 
fielection of such vaiiations, until the flower was 
turned completely round on its axis. This seems to 
have actually occurred with Malaxts paludosa, for 
the labellum has acquired its present upward posi- 
tion by the ovarium being twisted twice as much as 
is usual. 

Again, we have seen that in most Vandese there is 
a pJain relation between the depth of the stigmatic 
chamber and the length of the pedicel, by which the 
pollen-masses are inserted ; now if the chamber became 
slightly less deep from any change in the form of the 
column or other unknown cause, the mere shortening 
of the pedicel would be the simplest corresponding 
change ; bnt if the pedicel did not happen to vary in 
shortness, the slightest tendency to its becomiug bowed 
from elasticity as in Phalainopsis, or to a backward 
hygrometric movement as in one of the Maxillarias, 
would be preserved, and the tendency would be con- 
tinually augmented by selection ; thus the pedicel, as 
far as its action is concerned, would bo modified in 
the same manner as if fhad been shortened. Such 
processes carried on during many thousand generations 
in various ways, would create an endless diversity of 
co-adapted structures in the eeveral parts of the flower 
for the same general purpuse. This view affords, I 
believe, the key which partly solves the problem of the 
vast diversity of structure adapted for closely analogous 
ends in many large groups of organic beings. 
/' The more I study natiue, the more I become 
impressed with ever-increasing force, that the con- 
trivances and beautiful adaptations slowly acquired 
through each part occasionally varying in a slight 
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degree but in many ways, with the preservation of those 
variations which were beneficial to the organism under 
complex and ever-varying conditions of life, transcend 
in an incomparable manner the contrivances and 
adaptations which the most fertile imagination of man 
conld invent. ^ 

The use of each trifling detail of structure is far 
from a barren search to those who believe in natural 
selection. When a naturalist casually takes up the 
stndy of an organic being, and dues not investigate 
its whole life (imperfect though that study will ever 
be), he naturally doubts whether each trifling point 
can be of any use, or indeed whether it be due to any 
general law. Some naturalists believe that number- 
less structures have been created for the sake of mere 
variety and beauty, — much as a workman would make 
different patterns. I, for one, have often and often 
doubted whether this or that detail of structure in 
many of the OrehideEe and other plants could be of 
any aervice ; yet, if of no good, these structures could 
not have been modelled by the natural preservation of 
useful variations; such details can only be vaguely 
accounted for by the direct action of the conditions of 
life, or the mysterious laws of correlated growth. 

To give nearly all the instances of trifling details 
of structure in the flowers of Orchids, which arc cer- 
tainly of high importance, would be to recapitulate 
almost the whole of this volume. But I will recall 
to the reader's memory a few cases. I do not here refer 
to the fundamental framework of the plant, such as 
the remnants of the fifteen primary organs arranged 
alternately in the five whorls ; for almost everyone who 
believes in the gradual evolution of species will admit 
that their presence is due to inheritance from a remote 
parent-form. Innumerable facts with respect to the 
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nsea of the varioTisly shaped and placed petals and 
sepals have been given. So again, the importance of 
as light difference in the shape of the caudicle of the 
pollinitim of the Bee Ophrys, compared with that of 
the other species of the same genua, has likewise been 
referred to ; to this might be added the doubly-bent 
caudicle of the Fly Ophrys. Indeed, the important 
relation of the length and shape of the caudicle, with 
reference to the position of the stigma, might be cited 
throughout many whole tribes. The solid projecting 
knob of the anther in Epipactia paiustris, which does 
not include pollen, liberates the pollen-masses when it 
is moved by insects. In CephaiantJiera grandiflora, the 
apright position of the almost closed flower protects 
the slightly coherent pillars of pollen from disturb- 
ance. The length and elasticity of the filament of the 
anther in certain species of Dendrobium apparently 
serves for self-fertilisation, if insects fail to transport 
the pollen-masses. The slight forward inclination of 
the crest of the rostellum in Listera prevents the 
anther-case being caught as soon as the viscid matter 
is ejected. The elasticity of the lip of the rostellum 
in Orchis causes it to spring up again when only one 
of the pollen-masses has been removed, thus keeping 
the second viscid disc rea<ly for action, which otherwise 
would be wasted. Ko one who had not studied Orchids 
would have suspected that these and very many other 
small details of structure were of the highest importance 
to each ajjecies; and that consequently, if the species 
were exixsed to new conditions of life, and the structure 
of the several parts varied ever so little, the smallest 
details of structure might readily be acquired throiigh 
natural selection. These cases afford a good lesson of 
caution with respect to the importance of apparently 
trifling particulars of structure in other organic beings. 
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It may naturally be inquired, Why do the Orehideffi 
exhibit so many perfect contrivances for their fertili- 
sation? From t]ie observations of yarioua botanists 
and my own, I am sure that many other plants offer 
analogous adaptatioua of high perfection ; but it seems 
that they are really more numerous and perfect with 
the OrchidejE than with most other plants. To a 
certain extent this inquiry can be answered. As each 
OTuIe requires at least one, probably several, pollen- 
grains,* and as the seeds produced by Orchids are so 
inordinately numerous, we can see that it is necessary 
that large masses of pollen should be left on the stigma 
of each flower. Even in the Neottew, which have 
granular pollen, with the grains tied together by weak 
threads, I have observed that considerable masses of 
pollen are generally left on the stigmas. This cir- 
cumstance apparently explains why the grains cohere 
in packets or large waxy masses, as they do in so 
many tribes, namely, to prevent waste in the act of 
transportal. The flowers of most plants produce pollen 
enough to fertilise several flowers, so as to allow of or to 
favour cross-fertilisation. But with the many Orchids 
which produce only two pollen-masses, and with some of 
the Malaxes which produce only one, the pollen from 
a single flower cannot possibly fertilise more than two 
flowers or only a single one; and cases of this kind 
do not occur, as I believe, in any other group of 
plants. If the Orchideae had elaborated as much 
pollen as is produced by other plants, relatively to the 
number of seeds which they yield, they would have 
had to produce a most extravagant amount, and this 
would have caused exhaustion. Such exhaustion is 
avoided by pollen not being pi-oduced in any great 

* G&Ttuer, ' SeitrJge zoi Eenntiiias det Bsfni<;htiiDg,' 1841, p. IBS. 
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auperfluity owing to the many speciul contrivances i'or 
its safe transportal from plant to plant, and for placing 
it securely tin the stigma. Thus we cim uudcrstuud 
why the Orchideie are more highly endowed in their 
mechanism for cross-fertilisation, than are most other 
plants. 

In my work on the "EEfeets of Cross and Self 
Fertilisation in the Vegetable Kingdom," 1 have shown 
that when flowers are cross-fertilised they generally 
receive pollen from a distinct plant and not that from 
another flower on the same pliiut ; a cross of this latter 
kind doing little or no good. I have further shown 
that the benefits derived from a cross between two 
plants depends altogether on their differing some- 
what in constitution ; and there is much evidence that 
each individual seedling possesses its own pecnliar 
constitution. The crossing of distinct plants of the 
same species is favoured or determined in various 
ways, as described in the above work, but chiefly 
by the prepotent action of pollen from anothei' 
plant over that from the same flower. Now with the 
Orchideee it is highly probable that such prepotency 
prevails, for we know from the valuable observa- 
tions of Mr. Scott and Fritz MulJer," that with several 
Orchids pollen from their own flower is quite im- 
potent, and ia even in some cases jwisonous tc the 
stigma. Besides this prepotency, the Orchideie pre- 
sent various special contrivances — such as the pollinia 
not assuming a proper position for striking the stigma 
until some time has elapsed after their removal from 
the anthers — the slow curving forwards and then back- 
wards of the roeteUum in Listera and Neottia — the 

• A 1^11 abxtnirt of cbexe ol<- 
tlon of Aniuinlu and Pluuts andez 
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ilow movement of tlie column from the labelluni in 
Spiranthes — the dioecious condition of Catasetum — 
the fact of some species producing only a single 
flower, &c. — all render it certain or highly probable 
th&t the flowers are habitually fertilised with pollen 
from a distinct plant. 

That cross-fertilisation, to the complete exclusion of 
aelf-fertiliaation, ia the rule with the Orchidese, cannot 
be doubted from the facts already given in relation to 
many species in all the trilies throughout the world. 
I could almost as soi:m believe that flowers in general 
were not adapted for the production of seeds, because 
there are a few plants which have never been known to 
yield seed, as that the flowers of the Orchidete are not 
as a general rule adapted so as to ensure cross-fertilisa- 
tion. Nevertheless, some species are regularly or often 
self-fertilised ; and I will now give a list of all the 
cases hitherto observed by myself and others. In some 
of these the flowers appear often to be fertilised by 
insects, but they are capable of fertilising themselves 
without aid, though in a more or less incomplete 
manner ; so that they do not remain utterly barren if 
insects fail to visit them. Under this head may be 
included three British species, namely, Cepkalanthera 
grandifiora, Neottia nidus-avis, and perhaps Liatera 
ovata. In South Africa Disa macraniha often fertilise* 
itself; but Mr. Wealo believes that it is likewise cross- 
fertilised by moths. Three species belonging to the 
Epidendreaj rarely open their flowers in the West 
Indies; nevertheless these flowers fertilise themselves, 
but it is doubtful whether they are fully fertilised, 
tor a large proportion of the seeds spontaneously pro- 
duced by some members of this tribe in a hothouse' 
were destitute of an embryo. Some species of Dendro 
bium, judging from their structure and from their 
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occasionally producing capaules under cultiviition, 
likewise come under this head. 

Of species wluch regularly fertilise themselves with- 
out any aid and yield full-sized capsules, hardly any 
case 13 more striking than that of Ophrys apt/era, whieh 
was advanced by me in the first edition of this work. 
To this case may now be added two other European 
plants. Orchis or Neotinea intacta and l^ipactia tnridi- 
Hora. Two North American species, Ch/mnadenia 
tridentata and Platantlutra hypcrhorea appear to be in 
tiie same predicament, but whether when self-fertilised 
they yield a full complement of capsules containing 
good seeds has uot been ascertained. A curious 
Epidendrum in South Brazil which bears two additional 
anthers fertilises itself freely by their aid ; and Dendro- 
hivm eretacBum has been known to produce perfect self- 
fertilised seeds in a hothouse in England. Lastly, 
Spiranthes australia and two species of Thelymitra, 
inhabitants of Australia, come under this same head. 
No doubt other cases will hereafter be added to this 
short list of about ten species which it appears can 
fertilise themselves fully, and of about the same 
number of ajiecies which fertilise themselves imper- 
fectly when insects are excluded. 

It deserves especial attention that the flowers of all 
the above-named self-fertile species still retain various 
structures which it is impossible to doubt are adapted 
for insuring cross-fertilisation, though they are now 
rarely or never brought into play. We may therefore 
conclude that all these plants are descended from 
species or varieties which were formerly fertilised by 
insect-aid. Moreover, several of the genera to wliicL 
these self-fertile species belong, include other species, 
which are incapable of self-fertilisation. Thelymitra 
offers indeed, the only instance known to me of Uw 



292 



OOHOLUDINO BEHABSS. 



species within the same genus which regularly ferti- 
lise themselves. Considering such leases as those of 
Ophrys, Disa, and Epidendrum, in which one species 
alone in the genus is capable of complete eell-forti- 
listition, whilst the other species are rarely fertilised 
in any manner owing to the rarity of the visits of 
Ihe proper insects; — bearing also in mind the large 
number of species in many parts of the world which 
from this same cause are seldom impregnated, we 
led to believe that the above-named aelf-l'ertile plants 
formerly depended on the visits of insects for theiffi 
fertilisation, and that from such visits failing they dijf 
not yield a suffieioney of seed and were yerging towards 
extinction. Under these circumstances it is probable 
that they were gradually modified, so as to become 
more or less completely self-fertile; for it would 
manifestly be more advantageous to a plant to pro^ 
duce self- fertilised seeds rather than none at all or. 
extremely few seeds. Whether any species which is 
now never cross-fertilised will be able to resist the 
evil effects of long-continued self-fertilisation, so as to 
siu'vive for as long an average period as the other 
epeoies of the same genera which are habitually cross- 
fertilised, cannot of course be told. But Ophry* apifera 
is still a highly vigorous plant, and Qi/mnadenia trideji' 
lata and Platanthera hyperborea are said by Asa Gray 
to be common plants in North America. It is indeed 
possible that these aelf-fertile species may revert ia 
the course of time to what was undoubtedly tlieir 
pristine condition, and in this case their various adap- 
tations for cross-fertilisation would be again brought 
into action. We may believe that such reversion is 
possible, when we hear from Mr. Mogg ridge that 
Ophrys scolopaz fertilises itself freely in one district 
of Southern France without the aid o£ insects, and; 
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is completely Btorile without such aid in another 
district. 

Finally, if we consider how precious a Bubatance 
pollen is, and what care has been bestowed ou 
its elaboration and on the accessory parts in the 
Otchideffi, — considering how large an amount is 
necessary for the impregnation of the almost innumer- 
able seeds produced by these plants, — ^oonaideriny that 
the anther stands close behind or above the atiguiu, 
self- fertilisation would have been an incomparably 
safer and easier process than the tmnsportal of i>oIlen 
from flower to flower. Unless we bear in mind tht' 
good effects whieh have been proved to follow in most 
cases from cross-fertilisation, it is an astonisliing ftict 
that the flowers of the Orchidese should not have been 
regularly self-fertilised. It apparently demonstrates 
that there must be something injurious in this latter 
process, of which fact I have elsewhere given direct 
proof. It is hardly an exaggeration to say that Nature 
tells us, in the most emphatic manner, that she abhors 
perpetual self-fertilisation. 
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from many dlffereiilnonree*, and i3)it« relstlDu 1« InnilameDiaJ icligioua balietk." 
— ffiernW from Prtfatt. 

ELEHENTS OF GEOLOGV. A Tent-book for CoUeges and for 

the General Reader. liy Joskj'K Le Cdnti, LL. D. WUb iipwanl 
of 900 llluMratioaB. New and enlarged edition. 8to. Cloth, |4.00. 

" BeildeapreptrlDKacoinprehanilve text-book. Pulled lo preient demindi, 
Proft(»or Lb Conto baa given in a volaniB .jf urent valae as an expoBlllDn of the 
■nbjeot. Iharongtily Dp to date. Tlie eiani plei and appllcaiiona of the work are 
almott entirely derlTid rrom tble country, bo ihal I) tnajr be properly considered 
aa American Keoloff. Wu can cotniaond tbie work wllboat qnallflcailon lo all 
who detlre an IniBlliiroot atqiiaUiUtiOB wllh Hcolosrcal aclenco, aa freab. lucid, 
fall. aLittaentLc. the reaaU of dovoted aludj and or lone GxperleDoe in teacblnic '^ 
—Pupular ScUnu MonlHif- 

RELIGION AND SCIENCE. A Series of Snnda; LecRireH on the 

Relation of Natural aud Revenled Kcliglon, ov the Truths revealed 

in Nature and Scripture. Bj JosKfH Lk Conti, LL. D. 12mo. 

Cialh, $1.60. 

" Wb commend the book cordlaltf to tbe regard of all who are Intereited la 

wbaierer pertains to the dlscaaBlon of tbcae {-rare queeilone, and eipeclally to 

Ibnae grbo deelre to eiaoiloQ closely the atroni; foundallnPB on wblcb the Ctarlf- 

Ilan hltb la reored."— fioidin Jauraai- 

8IGUT : An Exposition of the PrincipleB of Monocular and Binocular 
VIbIoo. Bj Jodeph Le Conte, LL. D. With Tlustrationa. ISmo. 
Cloth, tl.DO. 
" FrofoBaor Lo Conle hae lone been knotm as an orlgloal Inveatlgalor In lUa 

departmeol ; all that be (riven un la Irnated with a muHter-band. It la pleaaanl to 

Ond an American book Ibat caa taiik with tlie very beat of roretGn hooka mi 

Ihla aabjBct.''— Tfti NaUon. 

COHPEND OF GEOLOGY. Bj Joseph Lk Conte, LL. D, 12lDa 
Cloth, $1.40. 
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■'Itiw : that or prereDllne to bis readers anch 
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.-r— r-on of Ok telaOoiia of exiptlne faODiis ; bi 
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■jMtum ol the geogiaphr and eeology of aniiiul Tnnaa c 
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